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The national IVHS Workshop in Dalas, March 19-21, 1990 was
sponsored by government, university and industry members
involved in Mobility 2000, and hosted by the Texas
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Lyle SAXTON
Moderator
Mobility 2000

Mohility 2000 is pleased to provide this report
which is a more detailed account of the national
IVHS program developed at the Mobility 2000
IVHS National Workshop held in Dallas, Texas
on March 19-21, 1990. A primary source of
information for the workshop were five papers
developed by national Mobility 2000 Working
Groups which outlined background positions and
recommendations in five key areas during the
Fall of 1989.

The IVHS program has received rapid and
substantial national support becauseit is based
on serious operational needs and the evolving
opportunities afforded by modem systems and
technologies, especially in communications and
control. Severa key individuals and
organizations became an informal core group for
examining these issues and opportunities.
Mobility 2000 formally evolved in 1988 from
earlier activities and provided an informal,
flexible and singularly focused forum for
developing what has become knownasivhs
Mobility 2000 rapidly emerged nationally and
internationally as a unique and vital entity which
provided the networking and common direction
supportive of national program devel opment
efforts.

With this report, Mobility 2000 completes its
national activities. It is extremely pleased to
have performed a major national role in
establishing consensus for the Intelligent Vehicle
Highway System program. Through its
volunteer participants, Mobility 2000 became the
focal point of 1VHS activities which established
broad support and agreement on the vision, goals
and approach of a national program. A highlight
was Mability 2000 s unique blend of public,
private, and academic interests, informal
working relationships and commitment to
common objectives.
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Mobility 2000 was never intended to be a long
term organization. In fact, an early joke evolved
in early meetings as to whether we had met our
initial goals or whether we should schedule
additional meetings! In our first national
workshop we described ourselves: Mobility 2000
is self-appointed and informal. It is fortunate to
be in a position to inform those who make policy
and who appropriate finds. Maobility 2000 was
not established in anticipation of a long term
future for itself As soon as decisions are made
and implemented to create major programs in
this field. existing or new agencies are expected
to supersede Mobility 2000 and assure effective
activity in the public and private sectors and
cooperation between the two. But those who have
enjoyed the opportunity to join together to make
Mobility 2000 useful in this critical interim
period will recall itsvigor, its, informality. and
its responsiveness with great satisfaction.
(Mobility 2000, San Antonio, Texas, 1989)

A magjor early recommendation of Mobility 2000
was to establish a formal, public-private
organization for the continued coordination and
communication essential to anational 1VHS
program. With the formal incorporation of the
Intelligent Vehicle Highway Society of America,
Mobility 2000 has completed its mission. Its
participants and functions are now being
integrated into 1VHS America with a sense of
pride and accomplishment.

The credit and accolades associated with the role
and accomplishments of Mobility 2000 inits
short 2-3 year existence go to many, many
dedicated, quality individuals. Although it is
dangerous to single out any specificaly, clearly
those listed for Specia Thanks in the Executive
Summary deserve just that. As for mysalf, it has
been a truly unique and rewarding experience to
have been associated with Mobility 2000 and the
vital role it has performed.

Lyle Saxton
December 10, 1990
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Executive Summary
Introduction

Work on advanced transportation technology has
been underway for several decades. Early work
was supported by the Federal Highway
Administration and included a several efforts by
General Motors Corporation both with and
without FHWA support. During the middle
1970's, the California Department of
Transportation (Caltrans) pursued a variety of
studies and engaged the Ingtitute of
Transportation Studies of the University of
Cdlifornia at Berkeley to pursue some research
in this field. Over a period of about two years,
the staff of ITS encouraged other states to join in
this effort. The University of Michigan
Transportation Research Ingtitute, the Texas
Transportation Institute at Texas A&M
University and the Center for Transportation
Studies at the Massachusetts I nstitute of
Technology agreed to join with the Federal
Highway Administration staff and state
departments of transportation to study this field.

The National Workshop

The National 1VHS Workshop in Dallas March
19-21, 1990 was sponsored by government,
university, and industry members involved in
Mobility 2000, and hosted by the Texas
Transportation Ingtitute, The Texas A&M
University System. The Workshop was a forum
for the exchange of ideas, plans, and definitions.
An Executive Summary was published by TTI to
brief executives at the May 3-5 IVHS Nationa
Leadership Conference on the progress of the
Workshop. One very important purpose of the
Workshop was to open a dia ogue between al
involved parties — in government, industry, and
research. A dynamic didogue took place in
Ddllas, and continued through the Executive
Summary. This publication is an update and
reprinting of the Executive Summary.

Vision of Intelligent Vehicle/Highway Systems

The United States is now moving from the
enormoudly successful Interstate Highway
construction program to programs that will set
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the course of highway transportation well into
the 21st century. These present program
decisions will determine the mobility, safety and
viability of highway operations for present and
future generations — just as the Interstate
program did 35 years ago.

A significant part of the post-Interstate highway
program is expected to be a national cooperative
program of Intelligent Vehicle Highway Systems
(IVHS). This program will involve public-private
partners in joint ventures. It will develop, test
and deploy advanced electronics technology and
systems to meet the increasingly critical
operationa needs of the highway transportation
system. IVHS will be a mgjor complement to
other highway improvement programs such as
preservation and new construction. These
programs are essential to maintain the viability
of the highway system.

IVHS include a range of technologies and ideas
that can improve mobility and transportation
productivity, enhance safety, maximize existing
transportation facilities and energy resources,
and protect the environment. 1IVHS are based on
modem communications, computer and control
technologies. The program contains four broad,
interrelated areas. advanced traffic management
systems, advanced traveler information systems,
commercia vehicle operations, and advanced
vehicle control systems.

The program will involve significant cooperation
among government at al levels, universities, and
industries such as those producing motor
vehicles, electronics, communications,
computers, and transportation services.

The results of this national undertaking continue
over many years. Many near-term benefits will
come from applying existing, state-of-the-art
technology. Long-term benefits will accrue well
into the next century. These long-term benefits
will, in some cases, require extensive research
and development. Profits from short- and
medium-term benefits will justify the longer
research and development needs.

National Mobility
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IVHS will significantly improve mobility in the
United States. Urban areas will more efficiently
manage their existing streets and freeways
through improved traveler information and traffic
control systems. Rura and urban area travelers
will benefit from improved security, comfort and
convenience. Experience gained from better
management of existing facilities will further
improve the design and use of new facilities.
With the time and energy saved through
enhanced travel efficiency, the cost of producing
goods and services will decrease, resulting in
improved industrial profitability and international
competitiveness.

All vehicle operators will benefit from more
efficient and less stressful travel. Through
IVHS, drivers may access routing information
that allows them to select a route based on
speed, fuel efficiency, scenic views, interesting
places, or many other variables. Older drivers
will have more mobility because advanced
technol ogies can augment vision and judgment,
for instance at night or during bad weather.
Significant improvements in service levels and
transportation information systems will increase
the attractiveness of transit, car pooling, van
pooling, and other multiple-occupancy vehicle
systems.

Measured, quantified improvements to mobility
include: reduced congestion, accommodation of
increased travel and higher trip speeds, reduced
motorist confusion and aggravation, augmented
and enhanced driver capabilities, reduced cost in
the transportation element of producing goods
and services, and reduced driver fatigue and
frustration.

Safety

IVHS will significantly improve safety on
highways and streets in the United States. In
fact, many believe that IVHS technologies, such
as traveler information systems providing in-
vehicle advisory and warning messages, plus
future control assist systems, will usher in a
new, substantially increased level of motoring
safety. Future IVHS systems will include
obstacle detection, collision warning, and
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collision avoidance features to help drivers avoid
serious accidents. Such systems will be
especialy useful in rural driving situations,
where the fatdity and serious injury accident rate
is significantly higher than the national average.

Safety benefits will be substantial. They include
reduced fatalities, injuries and property damage.
Further, reducing accidents will keep lanes open
and minimize the frustration that can contribute
to further accidents. The economic byproducts
of reduced accidents will benefit all society, not
just transportation system users.

Energy and Environment

IVHS improve energy efftciency by reducing
congestion, and improving travel planning and
routing. Drivers may obtain information on
recommended routes, based on traffic conditions,
time of day, weather, construction, or other
variables. Rura and urban drivers will find
travel time decreases in a smoother traffic
stream.

IVHS has environmental benefits through fuel
savings, reduced vehicle emissions, and reduced
noise levels. These improvements are especialy
helpful in metropolitan areas with particularly
Severe needs.

Direct benefits that have been measured include:
reduced vehicle emissions, enhanced use of HOV
and transit, and more efficient use of existing
facilities.

Organizationsand I nstitutions

These IVHS-based improvements will be
accomplished through a partnership of public and
private organizations carried out through a
thoughtfully planned, coordinated National
Cooperative Program. Partners in this program
include federal, state and local government ,
universities, and private sector industries
including those producing motor vehicles,
electronics, communications, computers, and
transportation services.

This cooperative program is essentia to the
successful implementation of 1VHS technologies.
It must recognize the complex matrix of
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government, industry, society, and individuals
who are responsible for and users of the
transportation system. The vision of IVHS will
become a redlity through coordinated efforts
among these many partners. This redlity, in
concert with other highway programs, will
continue the mohility that helped the United
States develop preeminence in the world.
Mobility enabled the U. S. to excdl in the world
marketplace, for we could move people and
products more efficiently and safely than other
countries. 1IVHS will also strengthen our
position as a magjor supplier to world markets of
transportation products, services, and systems.
Our quality of life will improve and our
transportation infrastructure will continue to be
the standard of the world.

What AreIntelligent Vehicle/Highway
Systems?

Many modem communication, computer, control,
and electronic technologies have been incorporated
into isolated traffic management applications.
Traffic signa timing is a good example. IVHS
combine component technologies to provide a
more productive highway system. IVHS s,
therefore, not a single, static technology, but a
continually evolving group of technologies. Each
advancement  will  build upon previous
advancements, and provide increased benefits to
highway operators and users. For example,
existing technologies streamline operation of urban
traffic systems and commercial vehicle operations.
Soon, improved traveler information and
navigation systems will enable informed route
selection.  Other technologies will enhance
individua and system performance.  Further
along, systems will help drivers avoid accidents,
and improve the mobility of physicaly impaired
drivers. Eventualy, streams of vehicles may be
fully automaticaly controlled to  permit
substantially improved and safer traffic flow.

Mohility 2000 grouped IVHS technologies into
four functional areas. The functional areas depend
on similar technologies. For example, increased
communication capacity depends on increased
channel capacity. The total vision must always be
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s Streamline trafic operations'

Enable informed route selection
Enhance individual and system performance

Help avoid accidents

Improve mobility
Automatically control vehicles
Safer traffic flow

. _______________________________________________________________|
considered so that initial installations are suitable
to become permanent installations. A system
engineering prospective is key to the successful
evolution of IVHS.

Advanced Traffic Management Systems (ATMS)
permit real-time adjustment of traffic control
systems and variable signing for driver advice.
Their application in selected corridors has reduced
delay, travel time, and accidents.

Advanced Traveler Information Systems (A TIS let
drivers know their location and how to find
desired services. ATIS permit communication
between driver and ATMS for continuous advice
regarding traffic conditions, alternate routes, and
safety issues.

Commercial Vehicle Operations (CVO) select from
ATIS those features critical to commercial and
emergency vehicles. They expedite deliveries,
improve operational efficiency, and increase
safety. CVO will be designed to interact with
ATMS when ATMS is fully developed.

Advanced Vehicle Control Systems (A VCS) apply
additional technology to vehicles to identify
obstacles and adjacent vehicles, thus assisting in
the prevention of collisions in safer operation at
high speeds. AVCS will interact with the fully
developed ATMS to provide automatic vehicle
operations.

Advanced Transportation Management
Systems (ATMYS)

ATMS involve detection, communication, and
control. A surveillance system detects traffic
conditions in a metropolitan area and transmits
the information to a traffic management center.
The traffic management center processes the
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information and combines it with information
obtained from other sources, including from
other vehicles acting as probes in the traffic
stream. The processed information is used to:

advise people about current and expected traffic
conditions

inform people of the location, severity, and
expected duration of incidents

recommend the best routes for people to take to
reach their destination.

The information is also used to develop ramp
metering rates and traffic signal timing to meet
current and anticipated conditions. To implement
the best control strategies, adjacent jurisdictions
must cooperate, for example, when diverting
traffic from a freeway to an arterial. Competent
operating staff and maintenance crews will also
be required to keep trafftc moving.

ATMS are being introduced with current
technology, and will benefit from advanced
technology. Where ingtalled, they are reducing
congestion by improving traffic flow, and
reducing accidents and emissions.

In Minneapolig/St. Paul freeway speeds
increased 35 % , and accidents declined 27%.

In Seettle, ramp metering reduced travel time
from 22 to 11.5 minutes while volume rose and
accidents decreased.

On Long Idand, travel time decreased 13 to
20%) fuel consumption fell 6.7%) hydrocarbon

emissions fell 13.1% , and carbon monoxide
emissions fell 17.4%.

Traffic management during incidents may reap
the largest benefits.

An accident blocking one of three lanes reduces
capacity by 50 % .

A 20-minute blockage wastes 2100 vehicle-
hours, makes a queue ailmost 2 miles long, and
takes 2 1/2 hours to clear. During peak periods,
waste and delay may be fifty times worse.

Advanced Traveler Information Systems
(ATIS)
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ATIS equipment in the vehicle will use visua or
auditory systems to inform the motorist of
current traffic conditions, and provide real-time
guidance on route decisions. ATIS will provide
safety advisory and warning messages to the
motorist, which will be especially beneficial in
decreased visihility situations involving weather
or sight distance. ATIS will also provide an on-
board “ Yellow Pages’ type directory of
motoring information.

Specific ATIS features include:

vehicle location, map-matching navigation
system

traffic information receiver
route-planning for minimum distance of travel

color video display for maps, traffic information,
and route guidance

an on-board database with detailed maps,
business directory, specific locations of services,
hospitals, and tourist-related information

information from traffic management centers on
congestion, incidents, and other traffic problems

electronic vehicle identification for toll debiting
safety advisory systems

assistance for aged drivers

“mayday” signaling and response capahilities.
Commercial Vehicle Operations(CVO)

Global competition is forcing U. S. companies to
change the way they do business. Carriers are
being asked to provide faster, more reliable, and
more cost-effective services. IVHS technologies
are emerging as the key tools that carriers need
to reduce costs and improve productivity. These
productivity improvements have a direct impact
on the quality and competitiveness of U. S.
businesses and industries at both the national and
international levels.

IVHS technologies, such as weigh-in-motion
sensors, automated vehicle identification
transponders, and automated vehicle
classification devices — some aready deployed
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— will reduce the time spent in weigh stations,
reduce labor costs to states, and minimize red
tape for commercia operators.

Commercia vehicles are leading the way in the
applications of 1VHS technologies. Already they
are using automatic vehicle location, tracking,
and two-way communications, routing algorithms
for dispatch; and in-vehicle text and map
displays. IVHS technologies of use to
commercial vehicles include:

automatic vehicle identification
weigh-in-motion

automatic vehicle classification

electronic placarding/bill of lading

on-board computer

two-way real time communication

automatic clearance sensing.

Advanced Vehicle Control Systems(AVCYS)

AV CS enhance vehicle control by facilitating and
augmenting driver performance. Ultimately, they
could relieve the driver of most driving tasks in
high-demand traffic corridors, or long-distance,
high-speed trips. Three levels of enhancement
are foreseen.

Early AVCS technologies should include vehicle-
based systems that detect the presence of
obstacles or other vehicles. Studies have shown
that one-half of al rear-end collisions, and up to
one-third of intersection accidents could have
been prevented if the driver had an additional 1/2
second warning. Basic AVCS will use a radar-
type technology and other on-board systems to:

provide additiona warning time

observe presence of vehicles or obstaclesin blind
spots

warn drivers of loss of alertness.

Intermediate AV CS technologies will initially
implement lateral and longitudinal vehicle
control functions in specific applications such as
high occupancy vehicle (HOV) lanes. Vehicles
would enter the lanes voluntarily under manual
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control, but once in the lane, would be under
full or partial control. Advantages include:

increased speed
increased safety and reduced collisions
platooning (the linking of a cadre of vehicles)

for private vehicles, vehicle-to-vehicle
communication of travel paths.

The most comprehensive AV CS applications will
build on early and intermediate technologies to
completely automate driving functions for
vehicles operating on specially-equipped freeway
facilities. These systems will be especialy
effective in:

“automatic chauffeuring” of vehicles from on-
ramp arrival to off-ramp departure.

increasing the throughput of traffic in both urban
and intercity, high-demand traffic corridors

realizing a new level of safety and mobility
through high-speed operation in Interstate travel.

Benefits From Improved Mobility

The benefit most often visualized is the role it
will play in reducing traffic congestion. The
daily commuter knows well the route from home
to work, but may not aways know of impending
congestion on the route, accident locations, road
maintenance, or other factors. IVHS technologies
enable the daily commuter to choose routes that
minimize congestion. Commercia deivery
businesses and travelers can derive even larger
benefits from more advice and direction on
optimum  routes.

Benefits from 1VHS will occur only when the
systems are deployed. Present information
suggests that the greater the deployment, the
greater the benefits. The target is large. A TTI
study including 39 major cities estimates that $41
billion per year islost in the U. S. because of
congestion. Losses exceeding $1 billion/per year
have been estimated in each of the twelve largest
metropolitan aress.
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Advanced Traffic Management Systems have been
shown to reduce stop-and-go traffic by up to 30%,
and to reduce travel time from 13% to 45%.

Advanced Traveler Information Systems are
expected to contribute another 10% to 15% in
travel time reduction.

CVO systems will contribute significantly to the
efficient utilization of trucks. Experience in airline,
railroad, and trucking industries indicate these
systems contribute significantly to fleet efficiency.
More efficient truck operations will increase
national productivity.

As a consequence of sensors and controls, AVCS
will reduce accidents and increase traffic flow.
They are predicted to double traffic flow on
current freeways.

Reducing congestion will improve air quality.
Experiments completed in 1989 yielded a 15%
reduction in carbon monoxide, and an 8%
reduction in hydrocarbon emissions.

Exposure to hours of congestion is known to
increase personal stress, and affect health and job
performance. Thus, additional benefits can be
expected in terms of worker attitude and
productivity.

AVCS-controlled HOV facilities may double or
triple through-put in the HOV lane.

Intercity and vacation routes will benefit from
reduced congestion.

The introduction of IVHS can be expected to
yield unexpected benefits just as the introduction
of the Interstate System made changes in
transportation that were not predicted.

Benefits From Improved Safety

Although the IVHS program will explore many
aspects of transportation improvement, a primary
concern is safety to motorists. The technology
developed for safety measures will greatly
benefit the highway travelers of tomorrow.

Accidents can be grouped into collision types,
each of which poses certain requirements for
effective prevention through technology. The
following selected accident types are those seen
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Baseline Estimates of IVHS Safety Benefits
Lives Saved

{15200y 2010

927 by 2000

Injuries Saved

35,500 by 2000
3,060 by 1995

Dollars Saved

B0
1.8B by 2000
ey 55

as most amenable to prevention by IVHS
technology.

Off-road accidents: 1VHS technology can sense
the location of lane boundaries, using an
electronic imaging system, and cooperative lane-
edge markings.

Angle Collisions: Technology which
automatically senses oncoming vehicles, and
otherwise knows the right-of-way status can
directly advise the driver that it is unsafe to
proceed.

Head-on Collisions: A lane-edge detection and
path-prediction technology warns the driver
when the vehicle crosses the center line.

Rear-end Collisions: Reduction of rear-end
accidents is seen as another prime candidate for
relatively early benefits through IVHS
technology with the security provided by anti-
lock technology. Future radar-controlled braking
technology should be even more effective.
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Sde-swipe Collisions. The
“blind spot” problem is
currently the subject of
developments using ultrasonics,
infrared, and radar-type sensing
technologies.

Aggravating Environments:
Major improvements in
nighttime acuity have been
achieved through infrared
enhancement of the forward
field of view.

Milestones

Program milestones were
addressed during the Mobility
2000 National Workshop. The
question addressed was
straightforward: “ Given the
present state of development of
IVHS in North America, what
are the major program
milestones that can be identified
and promoted?’ The Workshop
identified policy, legidation,
funding, organization, programs,
projects, and technologies as
major subject areas. The time
line on these pages shows
development of IVHS
technologies over the next 25
years. The milestones below

Executive Summary
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By 1995

ATMS

major field tests underway
real-time, adaptive signal control

By 2000
ATMS
major urban areas equipped

severa cities communicating rea-time
traffic information to ATIS-equipped
vehicles

ATIS

in-vehicle, rea-time traffic information
operational ATIS systemsin use in and
routing systems tested

Vehiclehighway communication
developed

safety advisory and warning capability
developed and being tested

ATIS

operational ATIS systemsin usein major
congested areas

safety advisory and warning capability
standards deployed in selected areab

cvo

demonstration of Crescent technologies
(WIM, AVI, etc.) completed

operational deployment on 2-3 nationa
interstate routes

major research complete on commercial

cvo

Crescent systems operational on most
major interstate route5

AVI systems operational on most toll
facilities

driver safety assists commercidly

driver safety advisory and warning available
systems
AVCS AVCS

many autonomous control assists
developed and demonstrated

research and development for vehicle
control complete and testing underway

partia control assists commercidly
available

pilot operational use of automated control
on selected HOV lanes

systems to assist in incident management.

summarize optimal developments for the next ten
years.

Resear ch and Development Needs

IVHS represent immediate opportunities for
reducing congestion, improving safety, and
contributing in other ways to the more effective
use of the highway system. While ATMS, ATIS,
and CVO systems are now being deployed, each
will benefit from additional research. AVCS will
require substantial research before it can become
operational.

Research on ATMS will include development of
sensors, improved software for management of
traffic signals, and development of expert

Further work will advance the development of
optimum communication and data processing
systems. Much study is necessary to determine
the response of driversto ATMS, and operator
effectiveness in managing ATMS. In addition,
studies are needed to identify means of assuring
systems integration across jurisdictional
boundaries.

ATMS
monitoring traffic conditions
communications

controlling and managing traffic
program execution issues
system planning

systems anaysis
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SeNsory channel tradeoffs

expert systems for incident detection and management
useprediction model

preference and attitude attributes

ATIS

traffic datafusion

link-time database and statistics
origin-destinationgtatistics

congestion leveling strategies
communications

productivity and time savings

transmitting and receiving information
artificia intelligenceto prioritize messages
rerouting algorithms

optimal visua and auditory characteristics
models for coordinated routing and traffic control
multimodal urban systems
communications architecture
vehicleto-vehiclecommunication

format and wording of traffic information
format and symbology for navigation
intelligibility-cognitivespatial mapping
cognitive time scaling

driver performance

cvo

human factors

vehicle performance

bridge height sensor

transmitting and receiving information
vehicle identifiers

AVCS

sensors. distance, velocity, acceleration, torque, rotation
computation

image processing and pattern recognition
reliability/safety/faulttolerance
communication

nonlinear and adaptive control

electric propulsion

Research on ATIS will address improvement of
vehicle navigation systems, and the development
of communication systems to link vehicle
navigation systems with traffic information
provided by ATMS. Much needs to be learned
about driver response to ATIS from human
factors research. In addition, there are many
issues of liability and standardization that must
be resolved before ATIS can become fully
operational.

Research on CV O will include transponder
development to assure vehicle-to-roadside
communication of essential information.
Research on route guidance and communication
technology will lead to improved systems.

Executive Summary
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Human factors research to assure compatibility
of the driver within these systems is essential.
Research on vehicle dynamics and sensors will
improve control and reduce accidents. In
addition, many lega and ingtitutional issues must
be resolved to assure driver acceptance. CVO
may be perceived as intrusive when it manages
lane entry, controls driving in platoons, or
monitors unsafe driving.

IVHS cannot be deployed without more research.
Much more must be learned about the
availability and reliability of devices that detect
the spatial relationship of a vehicle to obstacles
or other vehicles, and to use this information for
automatic control. The automatic control system
of the vehicle must change speed at arate
compatible with equipment and human
limitations. Extensive full-scale testing facilities
will ultimately be required in order to evaluate
promising concepts. Introduction of these
systems will require special traffic lanes for the
AV CS-equipped vehicles. Automatic inspection
procedures must be developed to check for
functional AVCS before a vehicle enters the
lane.

Field Operational Tests

Field tests analyze technology performance and
cost-effectiveness. They will also assay market
support. Conducting these tests is essential to

show the public that the IVHS program works.
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Effective tests require a substantial commitment
of resources. Because the field tests are so
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important to market support, test locations
should be carefully evaluated. Urban and rural
sites hosting tests should either have or be
willing to install the necessary infrastructure.
They should have demonstrated a willingness to
form partnerships. If the tests are successful,
host test sites must be prepared to support
operations and maintenance of the test
infrastructure. They should have in place
institutional arrangements needed to operate the
system.

Aggregate Funding: Research and
i Development

{in millions)

9i{-95 9600 01-10 Total
60 — 130
Systems 135 20 15 170

Dynamics and 300 335 160 795
Controt

Applications it

Fuman . 122 16 0 300
Factors
Total Co27 52 245 1,395

An operational field test is conducted in a “real
world” environment under “live” traffic
conditions (both large and small scale). The field
test will not only evaluate the readiness of the
technology, but will also try new institutional
and financial relationships. Partnerships between
federal, state, local, private, and other
institutions will be essential to the success of the
program.

Deployment

To achieve its potential, the IVHS program must
culminate in the extensive deployment of
technologies throughout urban and rural
America. Implementation is most important, but
depends on research, development, and field
testing. Portions of the program, such as
advanced traffic management, commercial
vehicle operations, rural safety elements, and
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initial driver information systems, are proceeding
into deployment. Other segments, such as
automated highways, require significant
research and development before extensive
implementation may begin. Work must begin
immediately on these elements if they are to
become available within the time frame needed
to achieve the greatest benefits of IVHS.

Major deployment issues include:

IVHS embraces many specific systems and
technologies which are at different stages of
availability. Many of these systems have proven
elements which should be aggressively deployed
now. Others will require additional research and
field tests, which should be pursued
simultaneously to have them when we need
them.

The various IVHS elements must be integrated
into an overall system having a common
framework and standardized interfaces. This is
essential both for effective performance, and to
assure national coverage and uniformity.

Deployment must also recognize a commitment
to the annual operating and maintenance costs
necessary to keep these systems functioning
effectively.

IVHS is a partnership between private motorists
and public roads. Therefore, successful IVHS
deployment will require the close cooperation
between private and public sectors.

Successful deployment and operation may
require new innovative contracting, leasing or
entrepreneurial approaches for the portion of the
systems that have historically been the
responsibility of local or state government.

Program Investment Requirements

Deployment of ATMS, ATIS, and CVO have
already begun. Major commitments have been
made in Texas, Florida, California, Oregon,
Arizona, Michigan, New York, Washington and
several other states.

A $35 billion investment in IVHS R&D, field
testing, engineering, and deployment over 20
years will buy the following:
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Instrumentation of 18,000 miles of freeways
integrated with approximately 200,000 signalized
intersections in 250 of the largest metropolitan
areas for greatly improved traffic management

Communications systems to interact with ATIS in
the 250 largest metropolitan areas, and in rural
areas in every state as well as a statewide traffic
control center to monitor incidents on the
intercity network of roads

Instrumentation to interact with the CVO systems
on the 42,500 mile Interstate System, and the
remainder of the roads in the National Network
for Trucks

Systems to interact with AVCS in 16 platooning
highway systems to achieve headway, speed, and
merge control.

Forty-four electric-propulsion highway systems in
25-mile increments in the most congested
metropolitan areas with a population over 1
million.

The investment for ATIS is viewed as a
consumer investment in equipped vehicles. Full
performance systems will cost $800 to $1200 per
vehicle (est.).

Public research and development investment will
improve ATMS, assure effective interaction of
ATMS and ATIS, and provide the basis for
AVCS. Private investment will develop ATIS.
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Without the research investment, ATMS can
proceed with current technology, ATIS will be
limited to in-vehicle systems with incomplete
capability to interact with ATMS, and AVCS
will not be developed.

Field tests will discover system errors, and
correct them before full deployment. Field tests
help define what research is needed. Findly,
they will yield comprehensive data on benefits
that will justify the entire program.

Action ltems

The federal government, state, and local
agencies, universities, and private industry need
to organize a cooperative IVHS national effort to
accomplish the following:

Develop and coordinate national goas, and
establish a strategic plan to achieve these godls.
The plan will need flexibility to accommodate
changes in assumptions, predictions, and
expectations.

A nationa 1VHS policy should be formed using
input from federal, state, and local levels. From
that policy, legidation and funding programs
should be developed to guide needed research;
conduct operational testing and evaluations, and
deploy systems on a meaningful scale.

Actions are essential to an IVHS national

cooper ative effort. Immediate action is

needed to consider, revise, and act upon
these steps.

Operate and maintain systems on a continuous
basis asintegral part of IVHS programs

Identify and propose solutions to public/private
institutional issues. These issues include merging
public/private research support, finding
opportunities and partners for joint ventures,
resolving state/local jurisdictiona conflicts,
protecting persona and organizationa privacy,
and identifying antitrust, insurance and liability
issues.
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Create a national organizationa structure to
provide the public/private coordination necessary
to address the ingtitutional issues of IVHS.

Determine appropriate IVHS system
architectures, and corresponding divisions of
responsibility between public and private sectors.

Provide mechanisms for international cooperation
and compatibility.

Promote technical standards that assure hardware
and software compatibility between large
computers and small ones.

Identify current and long-range educational and
manpower needs, and take steps to meet those
needs.

Identify and take steps to accommodate special
needs segments of society.

Provide for a continuing exchange of information
within the transportation community, and assure
reliable flows of information to the public,
media, and elected officials.

These actions are essential to a national
cooperative IVHS effort. Immediate action is
needed to consider, revise, and act upon these
steps.

Mobility 2000

Work on advanced transportation technology has
been underway for several decades. Early work
was supported by the Federal Highway
Administration. During the middle 1980's, the
Caifornia Department of Transportation
(Caltrans) focused renewed emphasis on
advanced technology as a critical part of dealing
with growing urban traffic congestion. Other
government organizations, universities, and
industries have since become active in this field.

Mohility 2000, a self-appointed informal
assembly of interested individuas from the
public and private sectors, has evolved from a
series of meetings and activities resulting from
these initiatives. In its meetings, it sought to
define a nationa cooperative program to advance
the development of technology that would
address highway problems. Mobility 2000
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sponsored major meetings in San Antonio in
February 1989 and in Dallas in March 1990,
which served to focus attention on issues and
opportunities for the severa elements that
constitute Intelligent Vehicle Highway Systems
(IVHS) .

The work of Mobility 2000 is also stimulated by
the awareness that both Europe and Japan have
major projects. In Europe, the projects are
coordinated throughout the European
Community. DRIVE is largely sponsored by the
governmental units with the primary objective of
defining “ road transport informatics’ for the
communities. A high priority of the European
Community is to integrate DRIVE with the
industry-sponsored projects of EUREKA, of
which PROMETHEUS is the best known in
United States. Japan has three major projects
designated as AMTICS, RACS, and IVS.
AMTICS and RACS combine vehicle navigation
with real-time traffic information. Unless the
United States establishes an active IVHS
program, it will be entirely dependent on foreign
developments.

IVHS technologies are applicable to urban mass
transit systems as well as private automobiles.
They may, in fact, find their earliest application
in commercia vehicles. When and where these
systems are fully deployed, IVHS are expected
to contribute as significantly to U. S. mobility,
safety and international competitiveness as did
the Interstate Highway program, which is now
essentially completed. IVHS are the present and
future of transportation.
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InterfacesWithin IVHS

William J. Harris
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Texas Transportation Institute

Traffic managements systems are currently in
place that depend on driver response based on
seeing or hearing information requiring appropri-
ate action. In IVHS, the nature of the traffic
management systems will change. More
information will be made available to the driver
and to the manager of the system. AsATIS s
available, the direct interaction of vehicles with
highways become available. It is this interaction
between vehicles and roadways that makes IVHS
truly unique. Communications from the roadway
to vehicles is common, but the current systems
use a broadband communication technique so
that the same message is delivered to each of the
vehicles on the roadway. The two common
techniques are roadway signs and highway
advisory radio. Newer techniques include
changeable message signs which allow, like
highway advisory radio, the message to be
changed to me-et conditions at various times
during the day. IVHS, which has the potential of
communicating a different message to each
vehicle on the road increases the power of traffic
management systems by orders of magnitude.

This increased power of individual
communication is the basis of a vehicle
navigation system now available in England and
Germany. The system called either Autoguide or
Lisb depending on the country uses an active
infrared communications strategy to give each
equipped vehicle directions to its chosen
destination at each traffic signal controlled
intersection. In those cases the vehicles do not
have a map system on board and are completely
dependent on the roadway management to have
knowledge of their destination and the best route
to that destination.

The power of individual vehicle communication
can improve current traffic management systems.
For example, at the present time if there is an
accident on the freeway that closes multiple
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lanes, the freeway manager would not advise
vehicles to detour from the freeway. If he did so
the surface street system would not be capable of
handling &l of the vehicles that would detour.
Also, there may be heavy trucks and trucks
carrying hazardous materials in the traffic
stream. There are many surface streets that could
not accommodate such special traffic. However,
if most vehicles are ATIS equipped, separate
detour messages may be given to various
vehicles. Also, in vehicles that are equipped for
navigation, the detour message can be
customized to the destination of the vehicle.

Also, trucks would be detoured only to those
surface streets that are able to accommodate
them.

ATIS equipped vehicles would be able to operate
more efficiently. Consider vehicles assigned to
pickup and delivery of packages. With
knowledge of current traffic conditions, the
driver will be able to dynamically ater his route
to avoid becoming a part of the traffic problem.

Another interface between ATISand ATMS is
the use of real time communications techniques
to increase the use of transit facilities. In the
case of an integrated freeway and HOV facility,
the increased use of the facility by HOVs would
facilitate the flow of people over al of the
freeway. Efficiency is gained as vehicle
occupancy is increased on the freeway. Should
the real time communications be successful in
increasing the use of car pools and bus transit on
the HOV lanes, those increases may improve
freeway control by as much as the application of
current technology to freeway management
systems.

The Advanced Vehicle Control systems have re-
sponsibility for providing safety information to
the driver. This will include collision warning,
impaired driver warning, and similar notices
which may require immediate driver response. It
is likely that the driver interface for these
functions will share many of the devices (video
display, synthesized voice, . ..) used by ATIS.
For this reason, a shared design philosophy must
be developed between the two systems. Joint
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systems analysis and human factors devel opment
and testing should take place to insure the proper
prioritization of information and driver
notification.

The commercia systems are leading in the appli-
cations of ATIS features because they do reduce
driving time and improve service, both
contributing to profits. Federal Express and
United Parcel Service, among many other
commercia carriers, are making wide use of
navigation and related features right now. Public
transit systems throughout the nation are using
very sophisticated systems for bus location in
order to efficiently utilize their available fleets.

Through cooperation with the commercia
vehicle systems, the ATIS eectronic vehicle
identification feature could be extended to permit
automatic vehicle identification. Further
development of the ATIS vehicle capabilities and
infrastructure support should explicitly consider
the needs of the commercia operator both to
improve overall transportation system perfor-
mance and to increase the market for ATIS
equipment, thus reducing its cost and making it
more widely available.

ATMS must collect, format, and transmit the
real-time information on incidents and
congestion. This will include procurement and
management of the traffic data center and
communications network. ATMS could aso be
used to provide the infrastructure-side of
automatic toll debiting.

Integration will be reached when the vehicles
and the traffic management centers automatically
exchange information to optimize the flow and
safety of traffic over the entire network. Vehi-
cles will continually report the traffic conditions
they encounter. The traffic management centers
will combine this information with its other
sources of information and use predictive models
to provide coordinated routing and traffic signal
control. Individual vehicles requiring emergency
assistance will automatically summon the proper
services (police, medical, mechanical, . ..) which
will be efficiently routed to the vehicle.
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In achieving this integration of ATISand ATMS
the system must achieve a high degree of
communication and an agreed allocation of tasks.
These agreed alocations are necessary in the
plating phase, but they will remain so during
the operations phase. The traffic management
centers, the traffic network, and the vehicles
operating over it will become individual elements
of asingle intdligent system. IVHS will be a
reality.

Commercia vehicles will not only benefit from
the technologies and applications discussed here,
but also from the research, field tests, and
deployment activities proposed by other IVHS
efforts dealing with advanced traveler
information, traffic management and vehicles on
highways. On the other hand, CVO will provide
an early field test opportunity for the ATIS and
ATMS applications.

Other IVHS efforts which involve the creation of
databases for routing algorithms and traffic con-
trol must be cognizant of the specia
requirements of CVO, especialy heavy vehicles,
in developing aternative routing plans.

Equipment is now available which allows two-
way verba and print communication between the
truck driver and his’her home office. The ability
for two-way communication automatically brings
with it the opportunity to provide a driver with
current traffic information and revised pick up
and delivery scheduling.

An automated highway/vehicle system, on the
other hand, is a concept which is just beginning
to be developed as an IVHS component. As
incremental developments in automated vehicle
technology come on line, they will be considered
for adoption by commercia operators. There is
support for commercia driver assisted
technology but some industry representatives and
drivers have expressed concern over technology
which would take vehicle control totaly away
from the driver.

The existing network of highways that support
and guides the transportation system is often
referred to as the infrastructure. AVCS will
equip this infrastructure with technology that can
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permit communication with and physically guide
the vehicles on the roadway. The vehicles using
the highway must also be fully equipped or
“smart.” By linking the smart highways to smart
vehicles, the infrastructure will evolve to ac-
commodate the latest technology and efficiently
provide the best transportation system possible.

The fully controlled highway may be 20 years
into the future, but its deployment will be
associated with the following attributes:

o Considerable increase in traffic throughput
o Significant reduction in travel times

o Significant reduction in accident frequency
and severity

e Improvement in air quaity due to reduced
congestion, improved vehicle efficiency, and
cleaner propulsion systems

o Improved comfort and convenience of travel

Transition from the present infrastructure system
to a fully automated system will require severa
years. It is important to plan and implement
those AV CS improvements in concert with the
longer-term evolution of the overall advanced
transportation technologies. For example,
existing freeways can be improved by
implementing traffic management systems
technologies that include advanced traffic
signalization systems, traveler information and
warning systems, and specia control applications
such as ramp control systems. Infrastructure
requirements for such technology may include
the following:

» Maintenance and operation of the system,
» Lane widths and clearances,

+  Grade and geometry, and

« Freeway location and traffic volumes.

Equipping the infrastructure for a higher level of
automation, means that the following additional
requirements are addressed:

«  Start-up and diagnostic procedures,
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e Communications link between the highway
and the vehicle,

o Types of vehicles accepted on the highway,

o Mixture of controlled and non-controlled
vehicles,

e Emergency breakdown procedures and
facilities,
e Incident management, and

Information on non-controlled sections.

Future implementation of the advanced vehicle
highway system will heavily impact the existing
infrastructure. Reguirements for proper planning,
design, and safety must be incorporated into the
project scope for these projects. Critical require-
ments include the following:

o Define roles and responsibilities. Determine
the appropriate nature and degree of involve-
ment for various levels of government and
private organizations.

o Develop a marketing strategy to promote the
benefits to be gained from AVCS. The plan
fosters positive public relations and
education regarding AV CS concepts and
benefits. Detailed milestones, schedules, and
costs are outlined.

e Maintain rigorous controls and evaluation
protocols. Establish facilities, procedures,
roles, and milestones for evaluating AVCS
development throughout the system devel-
opment cycle.

Standards

Since motor vehicles are by their very nature
able to move from place to place, it is essential
that there be North American-wide, perhaps
world-wide standards for IVHS. These standards
should cover the interface between the system in
an individual vehicle and the infrastructure which
must support it. These should include
communications standards, data collection
standards, database standards, functionality
standards, and human factors standards.
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Program Milestones

William M. Spreitzer
General Motors Corporation
Leader

Richard Rothery

University of Texas
Recorder

Abstract

Intelligent Vehicle/Highway Systems (IVHS)
represent sufficient potential in transportation
benefits to become the next major public
works/private sector program in North America
and the developed world. IVHS and
transportation are vast and complicated subjects.
IVHS isin its formative stages. Transportation
more broadly is nested in an ever-changing
setting. Standards of living and rising consumer
expectations create an increasing demand for
travel. Energy availability, environmental quality
concerns, the needs for highway and traffic
safety improvements and the growing congestion
in many cities create supply side issues.

There is now consensus that IVHS can contribute
to resolution of all of these questions, concerns
and issues. It isfelt that IVHS and its advanced
technology will do so as a complement to more
conventional approaches — new highway
construction, rehabilitation and improvement;
improved public transportation, van-pooling and
ride sharing; revised land use planning and even
changes in future life style.

The assignment for Mobility 2000 herein Dallas
was to define the detail of a national cooperative
program in IVHS. The assignment for the
Program Milestones Group was to identify,
summarize and to augment as needed the major
IVHS program milestones. This was
accomplished through the efforts of a dedicated
group, working from the resource documents
developed by the Technical Working Groups
(Advanced Transportation Management Systems,
Advanced Traveler Information Systems,
Commercia Vehicle Operations, Advanced
Vehicle Control Systems and Benefits).
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This report, then, summarizes the results of the
Program Milestones deliberations and
recommendations. It represents a start, not an
end in itself. Therefore, it should be considered
as a working document, offered in the spirit of
providing another small step along the path to a
national cooperative, public sector-private sector
program in Intelligent Vehicle/Highway Systems.

Discussion

As afirst step in the process, the Program
Milestones Breakout Group was provided with
Summary Program Milestone charts as shown in
Figures 1 and 2. These summary charts were
derived from the program milestones identified
in the Working Papers of the Technical Working
Groups augmented by information on earlier
related 1VHS actions and events in North
America and elsewhere obtained from a variety
of sources. As shown in Figures 1 and 2, these
milestones are organized by topic, namely
Advanced Traffic Management Systems
(ATMS), Advanced Traveler Information
Systems (ATIS), Commercia Vehicle Operations
(CvO) and Advanced Vehicle Control Systems
(AVCS), plotted against a time scale from 1986
to the year 2015.

The Program Milestones Group made severd
observations in a preliminary review of the
Milestone charts:

1. Thereis a need for a greater level of
coordination between groups, e.g., ATMS,
ATIS and CVO.

2. Thereisaneed to expedite the ATMS
schedule in order to take greater advantage
of what is happening in ATIS and CVO.

3. Thereisaneed to establish more consistency
in financial calculations and projections.

4. Thereis aneed to obtain greater
participation from transit professionals, from
regional and local governments and from
freight carriers and truck drivers.

5. There are cross-cutting Program Milestone
guestions that need to be addressed at the
overall policy, legidative, funding, and
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organizational issue levels as well as the
programs, projects, and technologies level,

Figure 3 Perspective of Group
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The Program Milestones Working Group
proceeded to the perspective shown in Figure 3,
working to develop four or five key milestones
in each of the five subject areas.

Each of the subject areas is discussed in turn as
follows:

Policy

Working Group considerations in the policy area
are listed in Figure 4. The distribution of the
Nationa Transportation Policy by Secretary
Samuel K. Skinner and the U.S. Department of
Transportation in March of 1990 is akey
program milestone.

Figure 4 Policy Considerations

National Transportation Policy releasedin
March 1990.
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The National Transportation Policy provides
bases for IVHS elements and initiatives in the
Highway Re-authorization Program and the
anticipated Surface Transportation Assistance Act
(STAA) of 1991. Thetiming of the STAA ‘91
places urgency on the detailed definition of an
IVHS program and on the creation and staffing
of a national, cooperative, public sector-private
sector organization to contribute to and
participate in that IVHS program definition.

Attention is needed, as well, to the provision of
incentives for IVHS research and development,
particularly for encouragement to the private
sector and particularly for the communications,
computer, eectronics and motor vehicle
industries. Examples of incentives that were
discussed include tax credits and adjustmentsin
current anti-trust laws that make cooperation
between organizations that normally compete
commercially and economicaly or between
government and industry diffucult if not
impossible.

It was agreed that such actions needed to be
done early on, in 1991, as a part of the program
planning process.

Given the expected significantly different nature
of advanced technology applicationsin
transportation improvements as compared to
conventional highway practice (different
suppliers, different specifications, the pace of
technological change, etc.) it is anticipated that
government procurement procedures (particularly
a the state, regiona and local level) will need to
be reviewed, revised and streamlined.

Again, these procurement revisions need to be
addressed early on in 1991 as a part of the
overall program planning process.

The inclusion of advancing technology in
transportation raises questions of systems
reliability and safety. In turn this raises questions
of tort liability for government agencies and
consumer risk and liability for supplier
companies. Such issues need to be addressed and
resolved, probably in 1992.
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Finally, there are a set of questions in
organizational responsibilities. Who should be
responsible for what in IVHS? Especially, what
are the relative responsibilities for government
— a the Federal, State, Regiona and local
levels? One example could be ATMS data and
communications. Should there be standards to
provide consistency and compatibility on a
national scale or will each city be expected to
pursue its own local (and perhaps different)
approach? Action is needed in 1990.

Legidation

Clearly, there are strong interactions and
interdependencies between policy and legidation.
The Group addressed IVHS legidlative topics as
shown in Figure 5. Key legidative milestones
include passage of the highway re-authorization
program and an IVHS program as part of the
Surface Transportation Assistance Act (STAA)
of 1991.

Figure5 Legidation

They include passage of new and revised anti-
trust laws at the Federal and State levelsin 1991
with special references to IVHS and the Nationa
Cooperative Program in IVHS.

Key program milestones include arevised IVHS
research and development incentive bill in 1991,
procurement streamlining in 1991 and revisions
to tort and advanced IVHS technology liability
laws in 1992. These latter laws might include
provisions for sharing of dollar responsibility
and caps on maximum dollar awards.
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There will be significant, cooperative
Federal/State/Industry 1VHS activity in 1992,
probably administered through a National WI-IS
organization and participation of technical and
professional societies from the communications,
electronics, motor vehicle and transportation
industries.

Findly, the legidative scene is dynamic. There
will be numerous opportunities to adjust IVHS-
related program legidation in future Surface
Transportation Assistance Acts (STAA) in 1995
and beyond.

Both the Policy and Legidative actions require
substantial background work and preparation.
There is need for development of further
definitive information on benefits and costs and
a ahigh level of confidence. There is need for
increased involvement by government at the
State, Regional and Local levels. There is need
to expand the IVHS constituency and to obtain
“grass roots’ support. There is need to schedule
and hold public hearings on these topics. There
is need to draft specific, proposed legislation for
the re-authorization program. These elements are
key program milestones and need to be front-
loaded into the very early stages of the IVHS
National Cooperative Program.

Funding

Funding is but one of the classic “chicken-and-
egg” chalenges confronting the IVHS
community. Obvioudly, the availability and flow
of funding are key program milestones.
However, to define program costs one needs
detailed program definition. To provide program
definition, one needs an organization of
responsibility, delineation of goals and
objectives, consideration of aternatives,
determination of benefits against costs and
consensus on a set of recommended programs. It
is still early in that process so confident funding
numbers are also in development.

The Breakout Croup considered funding in a
more generic sense as shown in Figure 6. There
is a need for front loading IVHS research,
development, experiments and demonstrations in
the short term over the next severa years. This
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Figure 6 Front Loading Research & Field Tests
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is needed to help answer questions on overall
IVHS program definition and benefits and costs.
Again in the short term there are IVHS programs
now ready for field test and actual deployment,

e.g., ATMS, ATIS and CVO.

In the mid-term, principally five years and
beyond, there are some promising but more
advanced IVHS projects where there will be a
ramping up of funding for research and
development activities, leading to field tests and
deployment. Finally, in the longer term
(principally 10 to 20 years into the future and
beyond) there are yet unproven IVHS
technologies, products and systems that will go
through the research and development, field test
and deployment process.

These activities are not mutually exclusive but
interdependent and additive. They are not
replacements for but complementary to
traditional highway, transit and inter-modal
transportation programs. They must include
provisions for operations and maintenance over
time.

Clearly, there is an urgent need for additional
studies, beyond what is accomplished during this
meeting of Mobility 2000, on required funding
levels, revenue sources and funding policy.
Hopefully, given the results from this meeting,
the formation of a national IVHS organization in
1991 and preparation for and passage of STAA
’91, an IVHS funding policy will be set in place
to allow release and investment of significant

Program Milestones
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IVHS research and development, field test and
deployment funds in 1992.

Figure 7 Funding
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As shown in Figure 7, this all suggests further
studies of funding policy and conclusions and
recommendations on funding policy and timing
yet during 1990. These actions would contribute
to the key milestone of the release of a
substantial level of research and development
funds in 1992. Then, as gleaned from the efforts
and the Working Papers of the Technical
Groups, that could lead to accelerated
deployment of ATMS in 1992, improved
coordination of ATMS and ATIS deployment in
1992, Class II ATIS deployment in 1995, AVCS
infrastructure provisions in 1997 and Class III
ATMS/ATIS availability in 1998. These key
milestones are attainable with concerted efforts
and should be pursued vigorously.

Organization

That brings us to consideration of another critical
milestone — the creation and staffing of a
national cooperative organization to help define,
Jjustify and promote an IVHS program for North
America. This organization will be created in a
fashion which will allow it to perform an IVHS
technical advisory function for the U.S.
Department of Transportation.

This new organization will incorporate and build
on the valuable results of Mobility 2000 to date.
Additionally, it is expected it will apply the
knowledge, capability and interest of the
Mobility 2000 constituency — all of its
members, participants and supporters — in all of
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its responsibilities and activities, and particularly
the technical advisory function.

Figure 8 Organization
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Key milestones in the formative process and
activity of a national cooperative organization
are shown in Figure 8 and as follows:

The U.S. Department of Transportation, the
Highway Users Federation for Safety and
Mobility (HUFsam) and General Motors are
cosponsoring an IVHS National Leadership
Conference in Orlando, Florida on May 3-5,
1990. Organizational alternatives for a National
IVHS Organization will be considered.
Hopefully, that will led to selection of a
recommended organizational form and creation
of the recommended organization in this year.
Staffing and appointment of the organization’s
initial staff and advisory activities would be
accomplished in 1991. Assuming there would be
a need for an overall IVHS systems advisory
contractor, that would be accomplished in early
1991, leading to pursuit of an overall IVHS
program definition during the remainder of
1991.

Programs, Projects, Technologies

Now to discuss the program activities. First, the
process. The IVHS program process is large,
complex, interactive, covers a long period
(perhaps as long as 40 years), melds traditional
(and conservative) transportation responsibilities
with futuristic (and risky) and (in some cases)
still developing technology for the improvement
of transportation services and the resolution of
important social and institutional needs. This all
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makes progress in IVHS important but very
difficult.

Figure 9 Programs, Projects, & Technologies

. R&D Plan 1991
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Still there is progress to be made building from
the results of this conference, as shown in Figure
9. Key milestones (with substantial contributions
from the increased definition of the IVHS
program provided by past and present efforts of
Mobility 2000 and the creation of a National
IVHS Organization) include IVHS Systems

Definition and an IVHS Research and
Development Plan during 1991.

Field Operational Tests, Systems Evaluation and
Deployment follow but the timing varies for
ATMS, ATIS, CVO and AVCS activities. Please
see Figures 1 and 2 for specific examples.

Closing

The activities leading to and the events of this
week represent a tremendous surge in the detail
of a broad, national cooperative program in
Intelligent Vehicle/Highway Systems. Mobility
2000 can savor with great pride what has been
accomplished and the critical value those
accomplishments represent to the Nation.

Now is the time to build on that success. Some
suggested actions are listed in Figure 10.
Mobility 2000 and its successor organizations
should pursue and promote demonstrated short
term accomplishments; “success stories” in areas
of highway and traffic efficiency, travel
efficiency and congestion relief, environmental
quality and energy conservation.

These accomplishments should be promoted in a
variety of ways. One example would be in a Bi-
Annual Conference on IVHS successes beginning
perhaps in 1993.
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Figure 10 Specia Events

Another area for pursuit is [VHS cooperation on
an international scale. Transportation and
transportation needs are global and international
in scope, not strictly local and domestic,
Improvements, especially IVHS-related
improvements, can benefit from international
cooperation. It is recommended that the North
American IVHS Program take the initiative to
invite and encourage international participation.

The mission of the Program Milestones Breakout
Group was “to develop magjor, key program
milestones for a National IVHS Program.” That
was accomplished here in Dallas, over a
relatively short period of time, building from the
past and current efforts of the ATMS, ATIS,
CVO, AVCS and Benefits Working Groups. The
mission was framed from the perspectives of
policy; legidation; funding; organization and
programs, projects and technologies.

Much has been accomplished. Much more needs
to be done. The effort continues. The next
critical milestone is the creation of a National
Cooperative IVHS Organization, Commitment
and diligence of effort will provide the rest.
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Research & Development Needs

Bob Betsold

Federal Highway Administration
Leader

Robert D. “ Bob" Ervin
University of Michigan

Recor der

There are many technologies that are
immediately applicable to IVHS. It is possible to
proceed with extensive deployment of ATMS
without waiting for more research. Second
generation ATMS more fully compatible with
ATIS will require additional research. Some
aspects of ATIS are aready in demonstration,
but others depend on additional research. The
same situation exists in CVO. However, before
AVCS can be deployed, extensive research must
be completed. The following programmatic
discussion covers research and development
essential to mature IVHS,

The execution of the IVHS research and devel-
opment program should proceed on several
fronts:

First, the research and development program
should be coordinated with other public and
private research programs, for example, the
PATH program in California, TRAVTEK in
Florida, the FAME program in Washington, and
research programs in Michigan, Minnesota,
Texas and other States, as well as research
sponsored by domestic industrial partners.
Coordination should also be maintained with
international research programs, especialy in
Canada, European Community’s programs, and
the Japanese programs. Obviously, the ATMS
program is very much dependent on the results
of research and development in the advanced
traveler information systems area.

Second, the Request For Proposal and contract
award processes should be streamlined. RFPs
should be less prescriptive and more flexibility
should be provided in contracts to make possible
pursuit of promising avenues of research.
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Third, a university research program should be
established to encourage innovative ideas and to
entice students to do graduate work in this area.
This program could supplement the Advanced
Institutes established within the University Trans-
portation Research Centers by UMTA and
FHWA. However, those Research Centers
receive very modest funding and their objectives
are not focussed on IVHS. The program could
also serve to provide potential staff support for
operational tests. Under this program, contracts
could be awarded on the basis of a*best idea”
competition, using criteria such as technical
merit, technology advancement potential and
application potential. Work statements would be
problem and approach oriented rather than prod-
uct specific, and would be oriented towards basic
or fundamental research.

Fourth, public, private, and academic partner-
ships or consortia must be encouraged and
facilitated. The government should sponsor
basic, fundamental and long-term research, and
should focus on technology applications (e.g.,
software, system integration). Private
development of new technological applications,
especialy new trafftc control hardware, could be
accomplished as part of the operational testing
program. One idea is for government agencies to
provide research and development contracts to
one or more industrial and academic partnerships
and then license products that result from the
programs. The legal ramifications of public,
private, and academic agreements must be
studied and well understood by all parties.

Fifth, laboratory and operational facilities for
conducting research, and testing equipment and
software, must be available to public and private
firms engaged in the development of ATMS
technology.

Systems analysis should address the overall
system design issues, benefits studies and
tradeoffs among the different elements which
congtitute ATIS and its supporting infrastructure.
This analysis should deal with the system at least
three levels.
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1. the complete IVHS system design including
technical, societal and economics issues,

2. the complete ATMS and ATIS system
design, including users, vehicles and
infrastructure, and

3. individual subsystem designs for vehicles,
stationary elements and communications
links required to interface ATMS and ATIS.

The results of these studies should be corroborat-
ed by the field operational tests and experiments
described in a later section of this report. Re-
search to support these analyses should include:

® Modelling and simulation of specific urban
traffic networks to estimate level of benefit
for the different stages of ATIS optimal alo-
cation of tasks between vehicle and
infrastructure

® Channd capacity requirements for real-time
traffic information

® Communications architecture and technology

® Methods of collecting, formatting and
disseminating real-time traffic information

® How, where and when real-time traffic infor-
mation is provided

® How to create predictive real-time trafftc
information

® Cost-benefit analysis for various alternative
system features (e.g., €lectronic maps, guid-
ance displays, real-time traffic information,
automatic toll debiting, . . .) and architectures
(e.g., centralized or distributed dissemination
of real-time traffic information)

® Content requirements for a national digital
map data-base

SMOBILITY 2000
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Resear ch and Development Program for
ATMS

A $70 million Federal research and devel opment
program is proposed. This does not include
currently funded programs, state programs
(HP&R, NCHRP, and others) that could be
expected to sponsor ATMS R&D, evaluation
funds which may be included in operational
tests, nor does it include potentia contributions
from the private sector. The program can be
divided into three broad areas. monitoring trafftc
conditions, communications, and controlling and
managing traffic. The issues to be addressed in
these three areas are generally described below.
Some of these R&D issues are also described in
reports prepared as part of a technology
assessment being done under the National
Cooperative Highway Research Program.

The successful deployment of ATMS and other
IVHS systems depends on being able to obtain
reliable and accurate data on traffic conditions on
freeways and major streets in real-time. Loop
detectors continue to be the dominant form of
monitoring technology used today and will be for
the immediate future. It is imperative that the
technology be improved to provide the quality,
guantity, and reliability of data that will be
required to develop, operate, and evauate
advanced traffic management strategies. An
important part of the research and devel opment
program should be directed to developing new
types of sensors. One or more of these sensors
may become the primary source of information
for ATMS, reducing or eliminating the need for
inductive loops. These sensors include sonic,
infrared, laser, and wide-area detection systems.
The latter use radar, infrared, or video image
processing.

Information on traffic and roadway conditions
will come from multiple sources, including the
monitoring systems, but also potentially from
police reports, scheduled maintenance or
construction activities, fleet managers, and radio
traffic reporters. All information would be
processed and stored in a database that would be
available, on a real-time basis, for severa
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applications: traffic contral, traveler information,
and in-vehicle route guidance. Methods must be
developed for integrating as well as managing
this data to ensure that the information that will
be provided is reliable, accurate, timely, and
consistent.

There is aso a need to have historical
information relating the effects on capacity and
operational characteristics of freeways and
arterials of bad weather conditions, roadway
construction, and incidents. Research should be
conducted to define this need and to develop a
uniform data collection format to guarantee
consistency and timeliness of data. The results of
this research would be used in advanced traveler
information and diversion strategies. The
database could also provide information for sys-
tem performance evauations and the
development of artificial intelligence and expert
systems traffic management applications.

An important research and development issue is
two-way communications between vehicles and
traffic control centers in rea-time. Currently,
traffic information to travelers is principaly
communicated through commercia broadcast,
low Rower radio, and sideband carriers (such .as
the Radio Data System used in Europe). Area
wide two-way communications, cellular
telephone, and roadside beacons (such as
infrared or microwave) offer practical options.
The information needs of drivers, commercial
vehicle operators, and fleet managers must be
identified. Also, the ability of the different
communication technologies to handle the load
must be determined. Alternate technologies must
be assessed in terms of their performance, cost
implications, and other issues (e.g., availability
of radio frequency spectrum).

Specifications and protocols for communications
interfaces and specifications for in-vehicle
displays must be established early. The impetus
for developing compatible hardware must come
from industry, and must be done in a willing and
cooperative manner, with government and other
organizations playing a guiding and facilitating
role. While specifications/standards cannot be
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ratified before the system architecture is defined,
standards considerations will be important for
defining future system limitations or constraints,
and should be developed in paralel with system
studies.

The major goal of ATMS is to apply the
information collected through monitoring
processes to implement control strategies which
guarantee optimized corridor or area-wide traffic
operations. To do this, new traffic models and
trafftc control and management strategies must
be developed to take advantage of the real-time
information that will be available. The genera
objectives of the research and development
program in this area would be to:

® Gain a better understanding of traveler
behavior issues (e.g., willingness to divert)
and travel information needs, including those
of commercia vehicle operators and
potential transit users, and considering pre-
trip versus enroute differences. Insight is
needed in how people make decisions about
whether and when to travel, and what routes
and modes to take.

® Deveop red-time dynamic traffic
assignment, simulation, and corridor or area-
wide optimization models that can be applied
to anticipate where congestion will occur and
evaluate the effects that various control and
management strategies will have on travel
patterns and traffic operations. New theories
of traffic flow should be investigated.

® Develop applications of advanced support
systems, such as artificia intelligence and
expert systems, for use by traffic man-
agement operators to, for example, interface
with the traffic models, rapidly detect
incidents, draw upon historical data, and
recommend the best control and management
strategies.

e Develop demand management strategies for
use by advanced traffic management systems
that could be implemented when specia
events are planned, when congestion is
predicted to be especialy severe, or perhaps
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during times when air quality standards are
predicted to be exceeded.

Develop corridor or area-wide traffic control
and management strategies that provide accu-
rate and reliable information on traffic
conditions to the public, commercia vehicle
operators and fleet managers in real-time,
rapidly detect and respond to incidents, effi-
ciently manage saturated flow and control
traffic in an integrated, real-time fashion.

Develop an interactive red-time traffic
control system that uses real-time origin-
destination data obtained from vehicles
equipped with an in-vehicle device and two-
way communications capability (automatic
vehicle identification or location). The
system will predict where and when
congestion will occur, and integrate the
traffic control and management strategies to
provide accurate information on predicted
traffic conditions, the best routes, and best
modes to provide optimum control of traffic.

Research to Interfacewith ATMSand ATIS

The following system tasks are required to
properly interface ATMS and ATIS. The entire
concept of IVHS is to develop an integrated
system where “ smart cars’ can operate on
“smart roads’ or where “ smart commuters’ can
ride on “ smart transit.” Specific projects that
need to be carried out are:

Traffic strategies for link-time prediction
Development of link-time data-base and sta-
tistics

Development of origin-destination statistics
for traffic management purposes.

Congestion leveling strategies that can be
achieved by modulating predicted link-times

Analysis of productivity and travel time sav-
ings

Information exchange between commercia
fleets and traffic information center

Research & Development Needs

NN

=\ OBILITY 20001
. N ==

Dallas 1990

Efficient algorithms for rerouting vehicles
when traffic link-times are continually
changing

Concepts for increasing the availability of
real-time traffic information and link-times
to other potential users

Development of models, simulations, and
algorithms to support coordinated routing
and traffic control

Vehicle routing algorithms to provide near-
minimum travel time to all vehicles in the
network

Fusions of traffic probe reports, origin-desti-
nation data, and other traffic information to
manage complete urban traffic network

Potential for using the real-time traffic, ori-
gin-destination, and routing information of
the Traffic Management Center for planning
and managing a multi-modal urban
transportation system

Optimal architecture and protocols for two-
way communications between vehicles and
the Traffic Management Center

Research and Development Required for ATIS

Much of the systems analysis and human factors

research described for the ATIS Information

Stage should continue during the Advisory Stage

with the emphasis gradually swinging more to-
ward dealing with rapidly changing dynamic in-
formation and with decision making.

Systems analysis should address traffic data
acquisition, data fusion and traffic network
balancing issues. Specific projects should be
carried out in the following areas.

e Communications architecture and technology
to support additional features of the
Advisory Stage

e Content and information priorities for in-
vehicle signing

o Tradeoffs between passive and cooperative
approaches to in-vehicle signing
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The integration of ATIS with ATMS requires
additional systems analysisin the following areas
which are closdly linked to ATIS:

o Allocation of coordinated vehicle routing
tasks between individual vehicles and the
Traffic Management Center.

o Relationship between the proportion of fleet
equipped with Coordination Stage ATIS and
the level of efficiency achievable by the
traffic network.

o Potentia benefits of having vehicles com-
municate directly with each other and
evaluation of alternative architectures to do
S0.

Even though the last two items are related to
architecture it should be noted that system
architecture decisions should be made as early as
feasible so that earlier stage technologies are not
rendered obsolete.

Human Factors Research for ATIS

Human factors research for ATIS can be grouped
into (1) ergonomic and anthropometric issues,
which are generally understood, and (2)
cognitive, utilization and acceptability issues,
which are less well understood. Issues in the first
category will require applied research to support
specific designs, while issues in the second
category require more basic research to ensure
the ultimate efficiency and acceptability of ATIS.
Recommended studies include:

Driver Interface:
Optimal Display Characteristics
Optimal Voice Characteristics
Sensory Channel Tradeoffs
Format and Wording for Traffic Information

Format and Symbology for Navigation Infor-
mation

Intelligibility-Cognitive Analysis
Cognitive Spatial Mapping
Cognitive Time Scaling
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Sensory Mode Evaluation
Analysis of Cognitive Errors

Driver Information — Driving Performance
Coupling

Vehicle Guidance Analysis
Vehicle Control Analysis
Sensory Mode Interactions
Information Capacity Analysis
ATIS Utilization

Factors that affect perceived benefits:
Route Suitability Perception
Route Risk Anaysis
Subjective Time Metrics
Use-Prediction Model
User Demographic Analysis
Cognitive Attributes
Performance Attributes
Preference and Attitude Attributes
Define User Clusters

Determine Specifications, Utility, and
Acceptability by Cluster

Human Factor s Resear ch for the Information
Stage

Many of the human factors research topics de-
scribed for the Information Stage would continue
during the Advisory Stage. Additional studies
should include:

e Driver Interface

Communication of in-vehicle sign infor-
mation

Communication of route guidance in-
structions

Potential of head-up displays

Treatment of recurrent congestion infor-
mation
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Use of in-vehicle signing to increase the
safety and mobility of specid groups

e Behavioral Issues
What types of routes do drivers prefer?

Do drivers prefer complete routing or
only routing around congested areas?

How drivers analyze and select routes?
How drivers analyze and select routes?
What information do they need to select

routes?

Wheat information will influence modal
choice?

What is the time-savings threshold for
rerouting?

What types of alternate routes will
drivers accept?

Resear ch and Development Needsto Support
the Commercial Vehicle Program

The research and initia testing of equipment has
been completed for many of the technology
applications mentioned earlier. However, there is
also other simultaneous research needed to
optimize the potentia of the technology
applications needed to resolve ongoing problem
areas.

Research on the human factors aspect of
information processing by commercia vehicle
drivers must be expanded. While some research
is underway, more is necessary to focus on the
more complex on-board computer function
capabilities which commercia vehicle operators
will experience. It appears that technology is
ultimately going to provide al drivers the
opportunity to obtain real-time highway and
vehicular system information. The optimum way
of displaying this information needs to be deter-
mined so that a commercial driver is not
overloaded and retains the ability to react in a
safe, predictable manner.

Traffic incidents which affect public safety are
critical because they often cause complete
blockage of aroadway for what may be an
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extended period, and often involve fatalities
and/or injuries. The truck-tractor, semi-trailer
combination vehicle is likely to remain the
backbone of heavy vehicle operations in the
foreseeable future. It is quite likely that there
will be increased use of multiple trailer
combination vehicles including Turnpike, Rocky
Mountain, and standard doubles as well as triple
bottom units. Roll indicators, collision avoidance
systems, and vehicle specific grade warning
systems, for example, could improve vehicle
dynamics, provide operator warnings, and
prevent many of these incidents from occurring.

A summary of the proposed research necessary
to fulfill the goals of the commercia vehicle
operations section which should be initiated is
listed below.

Human factors
“best” layout of cab equipment

“no hands’ message receipt and transmission
(heads up displays)

o driver fatigue self-detection and countermea-
sures

e driver identification systems

o driver trip pretest (real-time suitability to
drive)

It is recognized that any items which involve
unique driver identification raise extremely sensi-
tive privacy issues, and these need to be
addressed in the research and development
phases.

Vehicle Performance

« red-time vehicle systems monitoring (in-
cluding status of brakes, other mechanical
systems, vehicle dynamics, etc.)

e near-obstacle detection and warning systems

out-of-lane/run-off-the-road detection and
warning systems

o dynamic grade severity warning systems

e dynamic ramp and sight distance warning
systems
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Improvements to existing technology applications
® Dbridge height clearance sensors

® two-way communication terminal receipt,
i.e., screen, verbal transmission medium,
i.e., satellite, radio, etc.

® unique vehicle identifiers with respect to
combination vehicles

® |mproved efficiencies which are expected to
be identified by the HELP and Advantage 75
projects

Resear ch and Development Requirementsfor
AVCS

The following principa technological AVCS
research and development issues that need to be
addressed are:

® | ow-cost high-performance sensing of dis-
tance, velocity, acceleration, torque,
rotation, etc.

Low-cost high-performance computation
Image processing and pattern recognition
Reliability/safety/fault tolerance

Low-cost high-performance communication
(vehicle-to-vehicle and highway-to-vehicle)

® Nonlinear and adaptive control
® FElectric propulsion

One specific R& D need associated with AVCSis
the need for AV CS roadway test facilities. Test
facilities representing a range of conditions
(speeds, curves, grades, weather) are needed.
Following test and evaluation utilizing test facili-
ties and other evaluations, AVCS systems will be
subjected to field operational tests on specially-
designated and instrumented freeway lanes.

About $815 million will be needed to fund the
research, development, and test programs that
will ensure the deployment of AV CS tech-
nologies.

About $1,390 million will be needed to fund the
research, development programs required to
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bring the AVCS systems into widespread
application on urban freeways.

AVCS Resear ch and Development Summary

AVCS s the most complicated and longest-range
of the IVHS technologies. As such, it needs the
largest investment over the longest period of
time to reach fruition. The research for AVCS
total $300 million during the period from now
through 1995 and $523 million for the next five
years. The tota research program for the 1991
through 2010 period is expected to be $1,395
million reflecting the increasing complexity of
the higher levels of functionality. The annual
funding peaks at $280 million in the year 2000
in this plan. Although this may seem to be a
great deal of funding on the scale of trans-
portation R&D programs, it is very low com-
pared to the amount DOT spent on the superson-
ic transport project two decades ago. At that
time expenditures topped $300 million in the
peak year, a figure which has not been inflated
to current-year dollars.
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Operational Tests
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Operational testing serves as the transition
between research and development and full scale
deployment of IVHS technologies. Operational
tests must be an integral and magjor part of a
nationa 1VHS program to evaluate how well
newly developed IVHS hardware and software
products work under real operating conditions.
Decisions on mgjor investments in IVHS
technology, by both the private and public
sectors, will be made based in large part on the
results of the operational tests.

Over 40 people participated in the operational
tests breakout session. They are identified in the
appendix. The following summary is the essence
of the discussions that occurred over the day and
a half.

What isan Operational Test?

The group agreed to define an operational test. as
one conducted in a “ real-world” environment
under “live’ traffic conditions. This definition
distinguishes operational tests from other kinds
of testing, for example, simulation testing, test
tracks, or tests on facilities that are temporarily
closed to public travel. The group recognized
the importance of these, but to be true to the
defined nature of operationa testing, felt that
they belonged under the banner of research and
development.

Since the aim of a national program would be to
deploy 1VHS technol ogies to solve transportation
problems, the group felt it was important to
emphasize that operational tests should be needs-
driven. That is, the goal of operational tests
should be to evaluate IVHS products that hold
the most promise for successfully addressing
some transportation problem, as opposed to
evaluating the most exotic technology available.

Finally, the group agreed that operational tests
may be small or large in scale. Operational tests
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of new vehicle detection technology may be done
a arelatively small number of locations,
operational tests of new adaptive signal control
strategies may be done in a portion of a
transportation network, operational tests of new
in-vehicle information technologies may be done
with ardatively small number of vehicles at
first. Eventualy, operational tests will become
systems-oriented and much larger in scale, for
example, areawide advanced transportation
management strategies, two-way communications
with large numbers of vehicles, and vehicle-
platooning systems.

In the same vein, it was aso recognized that
there may be reasons to focus some operational
tests on specific issues. Among those suggested
were effects on elderly drivers, measurement of
environmental impacts, and demand management
applications.

What arethe Objectives?

The group identified the following objectives for
operational tests:

e To evauate the reliability and viability of the
IVHS products involved. Reiability
includes how well the products worked
under actual operating conditions and is a
very important issue as it pertains to
liability. Viability includes how well the
products were accepted by the system
operators and the users.

® To determine the public benefit. In order
for a national IVHS program to be
successful, the public must perceive that
there is benefit to them, as companies or
individuals, in order to ensure markets for
the producers and to gain acceptance for
public investments in 1VHS technologies.

® To determine cost effectiveness. Operational
tests must produce accurate data on the total
benefits and costs. Deployment can only be
justified if, over the expected life of the
products, the total societal benefits accrued
as a result of deploying them exceed the
total costs of deployment, operations and
mai ntenance.
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o To “prime the pump” for tests of future
IVHS technologies.

Assuming that the IVHS R&D program
follows au building-block” approach, steps
should be taken to provide for continued
operation of IVHS technologies that have
been successfully tested, thereby facilitating
tests of future IVHS R&D products.

o To stimulate commitment to deploy and
operate IVHS systems. An effective
marketing program must be established to
disseminate the results of the operationa
tests to those that should know. There is a
need for a national clearinghouse of technical
information on the tests, to avoid needless
and costly duplication and “reinventing of
the whedl”, and there is a need to widely
disseminate success stories to spark interest
in deployment.

WhereWill Operational Testsbe Conducted?

Rather than identifying a limited number of
IVHS test sites, the group believed that
operationa tests should be considered at any
location that demonstrates its interest and
commitment to operating TVHS systems. To
generate as much interest and enthusiasm as
possible, the group recommended that
operationa testing should be performed not only
in large metropolitan areas, but also in mid- and
small-sized metropolitan areas, and in rurd areas
as well. Available funding will dictate at how
many different locations a given product could
be tested, the group recognized the issues of
variability, repeatability and transferability as
related and important ones. The group aso
suggested that possibilities for international
cooperation in operational testing should be
explored.

To increase the probability of producing “ early
winners" , the group agreed that operational tests
in the first years of a national IVHS program
would be in “ pioneering” areas that were already
deploying advanced systems. Early tests would
also very likely incorporate fleets of vehicles, for
example, emergency response vehicles, transit
vehicles, taxis, and trucks. Other areas and

Operational Tests
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personal vehicles would be incorporated as the
program progressed and early deployments of
successfully tested 1VHS technologies occurred.

The group identified the following ideal
characteristics of an IVHS test site:

e Thenecessary infrastructure to conduct the
test would exist or there would be a firm
commitment to install it within the required
time frame. Satisfaction of this
characteristic would serve to keep the cost of
conducting the operational test reasonable by
separating it from the cost of building the
needed infrastructure, while still alowing
those that do not already have the needed
infrastructure to qualify by demonstrating
their commitment to build it.

e Theingtitutional arrangements needed to
operate the system being tested would have
been made. Satisfaction of this characteristic
would facilitate successful execution by
making sure that responsibilities for
conducting the operational test, for
deploying, operating and maintaining the
technologies being tested, and for operating
and maintaining the rest of the system while
the test is being conducted, have been
defined and agreed to by all of the parties
that would be involved.

e The agencies involved would have
demonstrated their willingness to become
part of public/private/academic partnerships.
To ensure successful transition between
R&D and deployment, the group felt it was
important to form these partnerships to
represent perspectives on theory (academic),
market potentia (private) and public cost
effectiveness (public).

o The agencies would have demonstrated their
intent to provide for operations and
maintenance of the public sector
infrastructure upon successful completion of
the test. This characteristic supports the
objective of “ priming the pump” for tests of
future IVHS technologies by addressing the
issue of continued operation and maintenance
up-front. This is intended to facilitate tests
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of future IVHS technologies, and to prevent
leaving wrong impressions about the success
of the test that could occur if operation is not
continued.

What Will be Tested?

The Mobility 2000 working groups identified
over 60 individua technologies that should be
operationdly tested. These are listed in
Appendix B. The group recognized the overlap
that existed among these, and felt that this
amount of detail was too much to digest for
somebody interested in learning what 1IVHS is dll
about and what products could be expected and
when out of anational IVHS R&D program.
Therefore, the group wanted to shrink the list to
a more manageable size, while portraying an
exciting picture of what IVHS isin
understandable terms.

To do this, the group attempted to identify the
most critical operational tests from the working
group reports, and to combine tests from
individual reports or from severa of the reports.
The group aso wanted to make the tests
systems-oriented and multi-modal, and to
identify possibilities of “ early winners’ during
the first five years that could generate even
further interest and excitement about a national
IVHS program. The exercise the group followed
was to divide itself into three sub-groups that
were to identify a series of operational test
milestones in the following areas. systems
oriented to aleviating congestion, systems
oriented to improving safety, and systems
oriented to increasing productivity. The group
found that even this exercise resulted in
overlapping systems, in other words, the same
kind of system could contribute towards
achieving some combination of congestion,
safety and productivity objectives. This smaller
set of operational test milestones was used to
generate the fina set that isincluded in this
report.

The intent of the group was to identify each
operational test milestone by a descriptive, but
catchy title, to explain what the system would be
in terms understandable by the layman, and then,
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as a separate and more technical part, identify
the individual operationa tests that would have
to be conducted before the complete system
could be operationally tested, as per the working
group reports. While the group fell short of that
goa due to time constraints, a set of 15
operationd testing milestonesin 3 time
increments, 1991-1995, 1996-2000 and 2001-
2010, was defined in terms that at |east approach
being understandable by laymen. The group felt
this was a good start towards achieving its goal,
and that time would be well-spent by somebody
to develop such a product for inclusion in a
proposed national IVHS program.

The operational testing milestones identified by
the group were as follows:

1991-199s

o Provision of real-time pre-trip and in-route
travel information to the public and
commercial drivers through a variety of
sources, including in-vehicle devices

e Provision of route guidance information to
the public and commercial drivers

o Corridor traffic control systems that integrate
the operation of freeways and adjoining
arterials and adapt to changing traffic
conditions

e Commercia vehicle productivity
technol ogies such as automatic vehicle
identification and classification, weigh-in-
motion, and on-board computers that would
allow State regulatory procedures to be
automated

« Electronic technologies that warn drivers of
personal and commercia vehicles of
potential roadway hazards

1996-2000

¢ Red-time two-way communications with
large fleets of vehicles, both persona and
commercial

o Advanced modeling techniques that
anticipate where congestion will be occurring
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and recommend the best management
strategies

® Electronic technologies that permit hazard
warning through vehicle-to-vehicle
communications, and enhance the image of
the roadway under adverse visihility
conditions

® Vehicle control systems such as minimum
headway maintenance (adaptive cruise
control), automatic braking and automatic
lane keeping

® Platooning systems for headway, speed and
merge control that will greatly increase lane
capacity and safety

® Roadway powered dectric vehicle systems

® Automated parking facilities as an early test
of automated highway concepts

2001-2010

e Cooperative vehicle/roadway facilities in
which vehicles travelling on freeways are
under fully automated control and able to
interact with advanced traffic information
and management systems in the adjoining
arterial network

o High-speed automated facilities for intercity
and rura travel

o Use of dectric vehicles by commercia
delivery and public transit fleets
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Introduction

Three ingredients of a visionary and successful
national 1VHS program were quickly recognized
and embraced by the Program Funding
Requirements Work Group (PFR) aswork began
on preparing a 20 year proposal:

o Early Winners — In order to capture the
imagination and excitement of the nation
relative to the potential of 1VHS technology,
to build and maintain support, and to
overcome the often stated view that IVHS is
“Buck Rogers stuff,” it is essential that the
IVHS program demonstrate some immediate
successes. In the words of Chairman
Richard P. Braun of the University of
Minnesota,. . .. “ Early winners will enable us
to showcase the results and thus build
support for the IVHS program as we move
into the deployment state.”

. Investment Requirements rather than
Funding Requirements — The funding needs
of the program must be viewed as an
investment which provides a solid return.
Both the public and private sectors must
share the view that IVHS is an investment
that will, for the public sector, produce
efficiencies in the operations of
transportation infrastructure, and, for the
private sector, produce a profit or a market
for their products.

o Deployment Must Be Our Goal — The
investments in research, development, and
testing must be viewed not asthe end
product of this national program but as the
predicate to full deployment of IVHS
technologies. Thus, cooperative projects for
research and field testing must verify IVHS
technology and provide compelling and
convincing evidence that the technology is

Program
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worthy of further public and private
investment.

The PFR organized into 3 subgroups according
to the three major funding components of the 20
year program, i.e., Research & Development,
chaired by Dr. Tom Humphrey of the
Massachusetts I nstitute of Technology; Field
Operational Tests, chaired by Tom Griebel of
the Texas Department of Highways and Public
Transportation; and Deployment, chaired by Jack
Kay of JHK and Associates. The R&D and
Field Tests subgroups were to coordinate and
collaborate with their breakout group counterpart
in arriving at the funding requirements for a
national program. The Deployment subgroup
was to be influenced by al the breakout groups,
and especidly the Milestones Group, so that an
orderly and systematic program that met national
objectives could be proposed.

The 5 technical reports produced by Mobility
2000 prior to the Dallas conference are excellent
stand-a one documents that became the principal
references of the conference. However, as
recognized when commissioned, these technical
reports were not integrated nor coordinated with
respect to their recommendations. Nevertheless,
it was the place to start building a national
program with the above essential ingredients.
For example, the funding requirements as
calculated independently by these technical
reports are shown in the table.

While the independent technical reports were
useful in determining priorities and costs, as can
be seen in the table below, some important data
were missing. The ATIS and AVCS reports did
not estimate deployment costs. The ATMS
report did not include private sector costs. Some
research needs were duplicated and the costs
shown more than once. And the CVO report
stopped at 15 years, whereas the others made
cost estimates for 20 years.

Finally, some basic assumptions were proposed
and adopted to assure consistency in the
calculation of total costs. First of al it was
decided t0 use 1990 costs for each of 3 time
periods, with no adjustments for inflation. The



4 4 Program Investment Requirements

3 time periods were
1991-1995, 1996-2000,
and 2001-2010.
Furthermore, the costs

Technology
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" Degloymient | TOTAL

shown for both R&D A'{MS :
and field tests would o
consist of both public A ATIS
and private sector costs, . ove
in recognition of the .
importance of the AVCS
public/private

partnership in the
conduct of research and
testing. However, with reference to dep]oyment
the total costs shown represent only the public
sector cost. The private sector costs for
deployment were viewed as a per unit cost, such
as $800 to $1200 for each car or truck, and,
therefore, would not be shown in the total cost
for the 20 year program.

Additional assumptions were made about the
availability of funding for an IVHS program. It
was particularly assumed that special Federal
funding, unique to IVHS, and sufficient to
support a large, robust, and long term program
well beyond 1996, would be available for the -
R&D and field testing phases, and that as a
consequence of this expression of leadership and
confidence in IVHS technology, the private
sector would step forward with an equally
impressive amount of financial support. It was
also assumed that deployment expenses would be
eligible under existing and future Federal and
State programs, and that any barriers to their use
would be removed.

Thus the PFR began with a vision of what was
needed, 3 well staffed and managed subgroups, a
good understanding of the funding estimates of
the previously prepared technical reports, and
with some basic assumptions about funding. The
remainder of this report provides the results of
their efforts.

Research and Development Funding Needs

Dr. Humphrey and his subgroup worked closely
with the R&D breakout group to arrive at well
supported cost estimates. Furthermore, efforts

S0 SIS060%  $18,660%

98 . e LIR
& s 837
S0 e 2475

Note; Al gosts shm include hoth estlmatad pubhc and private costs, except
those marked with the *, which are public costs omiy. Deployment costs
were not esﬂmated for ATIS and AVCS,

to remove the duplication that exists in the S
technical reports were successful. While
estimates were made for the entire program
period, obviously the first few years of a
program tend to be more accurate in terms of
cost estimates and resource needs. A rationale
and approach for a 20 year research and
development program is described very well in
other parts of the Mobility 2000 report, and will
not be repeated here.

Perhaps what needs expounding on is the weak
part of the cost estimate, and that is the non-
hardware part. For example, as educator Mr.
Humphrey pointed out, within the R&D effort it
is recognized that a tremendous number of
technically qualified scientists and engineers will
be needed to perform the work proposed. The
cost of educating, training, and equipping these
scientists must be better estimated and included
in the total cost.

In like manner, costs pertaining to human factors
research and analysis are not well defined. Nor
are the costs associated with research and studies
that address the removal of institutional barriers
to IVHS technology. And finally, costs
pertaining to a public information program aimed
at letting the public know about research that
shows exciting promise are not well defined.

Special attention to these areas are essential
throughout the entire IVHS program period.

But what is very clear is that the execution of a
joint public/private IVHS research and
development program as proposed, especially
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when coordinated with the field testing program,
will result in near term successes and more rapid
deployment of useful technology so badly needed
for our transportation system. The cost of such
a program, according to the elements described
by the R&D breakout group, and in the 3
standard time periods, is illustrated in the
following table.

Notice that R&D needs are heavy in the first
time period, but begin to diminish over the next
2 periods.

As a final note, the PFR group recommends that
the boundaries of IVHS R&D be better defined
for a national program to assure that it is
properly integrated with the field testing effort
and with deployment needs.

Field Operational Testing Funding Needs

A slightly different tack was used by Tom
Griebel’s subgroup to illustrate the field testing
costs. The Field Testing breakout group, with
whom the subgroup worked, projected its efforts
in defining a national program in terms of field
testing systems pertaining to congestion, safety,
and productivity. That effort is described
elsewhere in the Mobility 2000 report. And yet
the cost estimates are in terms of the 4
commonly described IVHS technologies, i.e.
ATMS, ATIS, CVO, AVCS, rather than by the
cost of testing specific systems. It will suffice
for the purposes of this report, however, because
the cost estimates
assume that many of the
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financial relations, including partnerships of
public agencies and private bodies. It is the
method by which the new findings from R&D
are tested in a real world setting, fine tuned as
needed, evaluated as to its applicability, verified
for use, and then released for deployment. And
as stated above, it will be the method by which
IVHS technologies are integrated and tested as
systems under which the technologies are likely
to be deployed. Of equal importance is the
value of field testing to confirm what Tom
Griebel refers to as... “the consumer’s
willingness to buy the product.”

The following table projects 20 year field testing
funding needs:

In developing these costs, the following was
considered:

ATMS — The $490 million investment will
instrument approximately 150 miles of urban
freeways during the first period and an
additional 350 miles in the second 5 year
period. The estimate also specifically
provides for transit applications to be field
tested. ATMS testing and verification is
crucial for the other IVHS technologies, and
especially ATIS. Therefore, heavy funding
is recommended for 10 years.

ATIS — This technology starts off slowly,
while building on ATMS, and then

IYHS:R&D FUNDING

field tests will involve N MILLI(}NS}
integrating technologies :
such as ATMS and 1991 1995 19862000 2001-2010 Total
ATIS, thus requiring a Funotmnalf : $ 70 $ 60 $ 130
commingling of the field ;gppgmanﬂm
testing funds. : - o .

;Systams o 135 - 20 15 170
Field testing should be Anaiys;s E : - .
aggressively used . L
because of the many Hnman . 122 108 Fo 300
opportunities it offers to - Pactors.
evaluate the readiness of * VCS ' 300 43§ 160 795
new technology. It also--"" o :
allows the testing of - Total = $627 - §$523 $245 $1,395

new institutional and
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2 FIELIY OPERATIONAL: 'I’ESTS ‘they worked with at the
(IN MLIONS} : .conference. The mood
Teokn LR Tw ST
. o i ___interest in the IVHS
ATMS $165: L iF§ 328 $ 400 program, and a likely
S 3 . leadership role
ATIS 168 H 247 $536 - - 951 guaranteed, deployment
CVO +73 M 48 24 168% opportunmes Were seen
: o as highly likely early in
AVeS B H .- 60 65 ‘1,310 the program, allowing
Total $50¢  LH . sz 200 - $1325  $5 19 SUecesstul projeets 1o be

*Private sector opportunity — High, Medmm Low

accelerates in the 3rd and final period. This
area offers a big market potential for the
private sector and, therefore, substantial
private sector investments are foreseen in
this technology.

CVO — The CVO program complements the
others by providing field testing unique to
the motor carrier industry. Similar to ATIS,
a substantial private sector interest is likely.
While over half of the needs are projected in
the first 5 years, new technologies are
expected to emerge in the later periods that
will need field testing and verification.

AVCS — This portion of the IVHS field
tests represents the largest total funding
requirements ($1,510). However, it also
requires substantial research to be conducted
before testing can occur. Thus the heavy
funding is not anticipated until the final
years of the program.

Deployment Investment Needs

If the estimated $4.5 billion needed for research
and testing during the 20 year program does not
boldly lead the nation into widespread
deployment, then the effort will have been
wasted. In fact it is in this area that excitement
really builds for the IVHS program. Jack Kay
and his subgroup were not timid. In their
attempts to be visionary but practical, to be
optimistic but realistic, and to be bold but
cautious, they met little resistance from those

showcased. This will
naturally lead to more
deployment. The trick
is to initiate cycles of R&D, field testing, and
deployment that are complementary and
coordinated during the 20 year program.

The following table illustrates the recommended
20 year investment for deployment:

The following points relative to the above table
are important:

1. System operation and maintenance is an
essential element of IVHS deployment and
includes critical staff development and
training. As Jack Kay points out, recurring
maintenance must include replacement of
system elements as failures and obsolescence
requires. A value of 15 percent of capital
costs for annual system operation and
maintenance is recommended.

ATMS technology generally exists. ATMS
is critical as an autonomous element and as a
base for several other elements. Early
deployment is therefore recommended.

The CVO deployment costs assumes that
commercial vehicles will take advantage of
ATIS in urban areas.

AVCS deployment needs to be encouraged
and accelerated to experience capacity
increases and air quality gains in major
urban areas as soon as possible.

AVCS III deployment costs are not included.
They are considered post 2010.
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So what will almost $30
billion buy in the 20
year period?

PLQYMNT_ INVESTMENT COSTS

DN MILLI{}RS}
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Eiﬁment i991*-1995 1996-3000 2001«2010 Total

® ATMS — Will — — —
instrument 18,000 . ATMS , B $3 000 38, 000 B $7.000 $18,000
miles of freeways, ATIS § 1,810 3,620 5,430
integrated with : L L :
approximately SEVO - '; 105 626 350 1,075
200,000 signalized - " P .
intersections in 250 i ¢ - AYCS : 430 4,980 5,430
of the largest _ Total $3,105 $10,880 $15,950 $29,935
metropolitan areas : 7
for greatly Avg Apnual :
improved traffic Ops & Mt Costs 3240 $1,260 $3,185
management. S '

® ATIS — Will establish communication
systems with ATMS in the 250 metro areas
and will establish ATIS in rural areas in
every state, including a Statewide Traffic
Control Center.

® CVO — Provides instrumentation on the
42,500 mile Interstate system plus the
remainder of the National Network for
Trucks.

® AVCS — Provides increased capacity
through 16 platooning highway systems for
headway, speed, and merge control, and 44
electric propulsion highway systems (in 25
mile increments) in most of the metropolitan
areas over 1 million population.

Summary

The following table summarizes the
recommendations of the PFR
Group.

‘While this is a considerable
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1995-2000

RECOMMENDED IVHS INVESTMENT LEVELS
(IN MILLIONS, IESING CONSTANT 199G DOLLARS)

amount of money, in R 1991“1995 .. 2001~ Total
comparison with the $68 billion ; R S SR - 2010

annually currently spent on “RED T $ &7 :$ 393 $ 245 $ 1,395*
highways, it is a very small T e S

percent. But the benefits to o - Ficld Tests - 504 1,290 1,325 3,119%
safety, congestion mitigation, Lo : ok
and productivity clearly justify Deployment 3,105 10,880 15,950 29,935
the investment. Fotal 34,236 $12,693 $172,520 $34,449

;“inciudas both public and private funding.
¥ Add 15% annuatly for operations and maintenance.
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This group split time at the Workshop with the
Benefits Group which spent their time in refining
the Benefits Document which was distributed
prior to the Workshop.  The revised Benefits
Document is found in the appendix to this
document. Thanks go to Joe Sussman, leader of
the Benefits group and to Don Ome, who served
as recorder and to all on the Benefits group for
preparing an excellent document as a part of this
report.

A consensus supports immediate steps to
organize a cooperative IVHS national effort that
includes the federal government, state and local
agencies, universities and private industry. A
national organizationa structure could be
designated to provide the coordination necessary
to address the institutional issues of IVHS. This
first step needs to be taken promptly to push
forward the development, implementation and.
operation of anationa IVHS system.

Purpose and Functions of au Organizational
Structure

This organization could: provide a national focal
point for discussion and coordination of nationa
IVHS goals and the establishment of a strategic
plan to achieve these goals; help to identify and
recommend national standards, specifications,
and protocols; identify opportunities and partners
for joint ventures; discuss policies on
international cooperation; conduct pilot research;
maintain data and information bases; organize
information transfer activities; and issue periodic
progress reports.

The organization could make major policy and
legidative recommendation on 1VHS to the
Secretary of Transportation, the President,
Congress, and the states. It could by its make-
up be in a position to strongly influence the
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amount and allocation of funding available for
[VHS.

This organization would not have authority to
mandate particular research projects or the
enactment of standards. Each of the parties
participating in the program would retain the
authority and budget for their particular IVHS-
related programs.

Ingtitutional 1ssues That Could be Addressed
Through A National Organization Structure

Starting from atabulation of institutional issues
identified in the five Mobility 2000 working
group reports, the workshop identified the
following broad categories of the IVHS
Ingtitutional Needs:

1 Identify and propose solutions to institutional
issues.

a) coordination of public/private research
support;

b) anti-trust issues,

C) Issuesof liability at specific test sites;

d) state/loca jurisdictional conflicts.

2. Legitimize a voice which can speak to
national, state, legidative and/or regulatory
agencies and others on IVHS issues.

3. Provide a continuing point of contact
between government, industry and research
communities.

4. Provide a framework within which standards
can be developed for interface, upward
compatibility, public/driver communication.

5. Provide a mechanism for international
cooperation and compatibility.

6. Provide for common compatible database.

7. Provide for third-party evauations of WI-IS
projects.

8. Asaure flow of reiable information to the
public.

9. Consider long range manpower, educational
impacts.
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10. Consider public policy issues of privacy,
access to public facilities, special need
segments of society.

11. Provide for a continuing exchange of
information within the research community.

Support for National Cooperative Effort

While many separate domestic programs dealing
with IVHS exist, no centra organizationa
structure is coordinating the separate elements or
directing IVHS research and activities. For
IVHS to be successful in the long term, there
needs to be more formal coordination among the
activities underway, those planned and those not
yet thought of.

Support for a nationa cooperative IVHS effort
has been expressed to the U. S. DOT, by private
companies, state and local governments,
universities, individual researchers, as well as
industry and highway user groups. This support
has been echoed in the reports prepared by the
Mohility 2000 working groups, including a call
for a national organizationa structure to oversee
and coordinate public/private partnerships.

One of the six key themes of Secretary Skinner’s
National Transportation Policy is to advance U.
S. transportation technology into the 21st
century. Speaking to this theme, the policy
states:  “ We need a more active partnership for
innovation and commitment by all parts of the
transportation industry and the academic
community, alongside the federal, state and local
governments. "

Findly, the U. S. DOT's March 1990 “ Report
to Congress on IVHS’ recommends. “ A
national cooperative effort to foster the
development, demonstration and use of IVHS
technologies. We further propose that this effort
be formulated and coordinated jointly by
industry and government.. . Such a national
cooperétive effort would not be primarily a
federal program, but would instead be a true
cooperative partnership. "

A Coordinated but Flexible Approach

Organizing for IVHS
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Efforts should be made to fully coordinate the
ATMS, ATIS, AVCS and CVO elements. At
the same time, it must be realized that there will
be some differences in timetables, players,
funding and other aspects of these elements.
Any national organizational structure must be
flexible enough to accommodate changes in
assumptions, predictions and expectations.

For example, assumptions about system
architecture carry implicit decisions about the
appropriate division of responsibility between the
public and private sectors. Will portions of the
system be commercialy driven with subscribers
paying fees to companies that have been licensed
or franchised to provide IVHS service? Or will
this system be driven by government agencies
providing theresearch, testing, deployment and
operation of the roadway communications and
processing infrastructure? Or will the system be
a combination of both approaches?

We do not yet know the answers to these and
many other basic questions. A nationa
organizational structure should therefore not only
help to develop answers to these questions, but
should be able to evolve itsalf to provide the
most efficient coordination of research, testing,
deployment, operation and maintenance of
IVHS.

Reliance on Existing Institutions and Ongoing
Projects

It is adso desirable for the cooperative effort to
use existing institutions and incorporate ongoing
projects as much as possible to simplify program
delivery. Mobility 2000, for example, should
become an integral part of any national
cooperative IVHS organization as an ongoing
forum which participants can use to exchange
information. AASHTO and the Highway Users
Federation can bring the states and many of the
major private sector players into such an
organizational structure. Building upon this
base, the national organizational structure can
evolve as developments occur and move toward
fully integrated involvement of the public and
private sectors.

Legal Basisfor Organizational Structure
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The National Cooperative Research Act of 1984
(NCRA), and the Federal Technology Transfer
Act of 1986 (FITA) will be useful in carrying
out the cooperative effort. The NCRA permits
companies to engage in research and
development under certain conditions without
fear of antitrust liability. The FITA alows
companies to provide funds in exchange for the
use of Federa resources. The Department of
Transportation should immediately determine
whether additional authority is needed, and, if
S0, try to obtain such authority.

The national organizational structure can be
designated by the Department of Transportation
as a " utilized group” — alega entity that isto
perform certain technica functions for the
government. Such an organizational structure
would be independent of the government and
would determine its own membership and
agenda, but would also have to operate many of
its activities under the “sunshine” provisions that
govern advisory committees.

Structureand Operation

The governing board of the national organization
could be made up of 12 to 15 senior executives
from private industry, state government, federa
government, universities, and local government.

Working under the general direction of the
governing board would be technical committees
and working groups. Their functions could
include other activities necessary for the
development and coordination of the national
IVHS program. A permanent staff could provide
secretaria functions, staff support for the
governing board and technical

committee/working groups.

Funding support for the organization could be
provided by the member groups, including the
federal government. Adequate and predictable
funding for the formation and operation of the
organi zation should be secured as soon as
possible.

Conclusion

This proposal will be the starting point to build a
national cooperative effort for IVHS. Mgor
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players, including the U.S. DOT, AASHTO and
the Highway Users Federation and others should
take immediate steps to consider, revise and act

on these proposals. Time is of the essence.
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The Next Steps

by Mark R. Norman
Director of Policy Development
Highway Users Federation

A series of steps need to be taken to develop,
test, implement, and operate intelligent vehicle
highway systems (IVHS) on a broad enough
scale to make a real difference. The partners
involved in IVHS — federal government, state
and local agencies, universities, and private
industry — will need to organize a cooperative
IVHS national effort to accomplish these steps:

DEVELOP A NATIONAL STRATEGIC
PLAN

National goals for the development and
implementation of 1VHS should be developed as
soon as possible. Concurrent with this should be
the establishment of a strategic plan to achieve
these goals. The goas and plan must be specific
enough to give the nation direction, but flexible
enough to accommodate future changes in
assumptions, predictions, and expectations that
will undoubtedly occur.

CREATE A NATIONAL
ORGANIZATIONAL STRUCTURE

Every evaluation of 1VHS technology begins and
ends with the observation that no formal national
organization exists to direct or coordinate IVHS
activities. This is portrayed in direct contrast
with activities in Europe and Japan, where
specific public/private coordinating mechanisms
have been established and are operating.

The fragmented nature of the numerous
organizations which have been or will be
involved in U.S. IVHS activities makes
coordination both vital to insure and difficult to
achieve. A national organizationa structure
needs to be created to provide the public/private
coordination necessary to address ingtitutional
and technical issues of IVHS.

Such an organization could: provide a national
focal point for discussion and coordination of
national 1VHS goals and the establishment of a
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strategic plan to achieve these goals; help to
identify and recommend national standards,
specifications, and protocols; identify
opportunities and partners for joint ventures,
discuss policies on international cooperation,;
foster pilot research; maintain data and
information bases; organize information transfer
activities; and issue periodic progress reports.

Work has begun to create that organizational
structure for IVHS, leading to the formation and
activation of a new public-private, non-profit
educational association. Participants at the May
1990 National Conference on Implementing
Intelligent Vehicle — Highway Systems
supported efforts by the Highway Users
Federation to initiate an effort leading to the
incorporation of such an organization by the end
of 1990. The Mobility 2000 effort would serve
as the technical arm of the new organization.

It has been proposed that DOT designate such as
organization as a chartered, utilized committee as
authorized by the Federal Advisory Committee
Act. A model exists within DOT, in the manner
that the Radio Technica Commission on
Aeronautics (RTCA) serves as a utilized
committee for the Federa Aviation
Administration. Its charter is formalized by
FAA and aletter of agreement between the two
organi zations provides the duties and
responsibilities of each.

DEVELOP AND IMPLEMENT PROGRAMS

Policy, legidation and funding programs need to
be developed and implemented by the public and
private sectors to undertake needed research,
conduct operational testing and evaluations,
deploy systems on a broad enough scale to make
ared difference, and to operate and maintain
systems on a continuous basis as an integral part
of IVHS programs.

Federd

A coordinated federa program is needed to
coordinate and facilitate IVHS research and
development, assist in the planning and conduct
of demonstrations and other evaluative programs
coordinate the standards and protocols, and to
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participate in other elements directly related to
the federal operating and regulatory
responsibilities.

The federal portion of the IVHS program has
been operated as an element of DOT’ s operating
budget, with funds largely derived from FHWA
and NHTSA research budgets. DOT has
proposed a sizable increase in FHWA funds for
FY 1991. (1990 = $4 million; 1991 = $13
million).

Yet, in an era of budget austerity, funds are not
always predictable. Research is often vulnerable
to cuts, and some highway interests have already
indicated a preference to use the IVHS increases
for congtruction projects. Yet, a long-term
IVHS research and testing program needs some
assurance of future program levels.

The present federal-aid highway, transit and
highway safety programs are scheduled to expire
in 1991. Congress will be debating a
reauthorization hill this year and next, and many
transportation interests propose a significantly
larger federa-aid program with increased
research programs and a specific IVHS
component.

State and Local

State and local governments are responsible for
the operations, management, and maintenance of
our street and highway systems.

At the state level, early applications of IVHS
technology are likely to be concentrated on

major arterial roads, which will bring the various
state DOT’s into the picture. The federa-aid
highway program has aways been administered
as a cooperative state-federal-local partnership.
This will continue into the future, and should be
an attribute of the IVHS program.

State legidlatures, county commissions and city
councils will need to enact comparable legidative
programs to permit full IVHS activity to get
underway. This might involve authorizing state
matching funds, approval of specific
demonstration projects, or other legidative
features. State motor vehicle administrators and

Next Steps

Dallas 1990

10BILITY 20

highway safety offices may be involved in early
projects which focus on vehicle regulation.

Finaly, state and loca programs will need to
consider provisions for implementing areawide
traffic management control centers. Widespread
implementation of these systems throughout the
United States will be essential in order to have in
place the infrastructure for existing and evolving
IVHS technology.

Private Sector

The development and marketing of IVHS
technologies, particularly for the vehicle, will
continue to be primarily the responsibility of the
private sector. Programs need to be undertaken
to assure that the full innovations as well as short
term product development should be encouraged
through tax regulations and other means. In
addition, if a publicly supported IVHS
infrastructure is developed, it would be desirable
for the vehicle technologies now being developed
and deployed to be compatible with the public
systems.

Resear ch

Thereis currently no national 1VHS research
program that lays out the total array of research
needs or relates them to each other or to the
concept of IVHS as awhole.

A coordinated research program needs to be
developed. In additional to additional sources of
funds, a mechanism to allocate relative priorities
to proposed research activities will clearly be
needed. This process must involve represen-
tatives of all mgjor public and private

organi zations to insure equitable treatment and
avoid the appearance of favoritism.

Testing

There will be a similar need to coordinate the
priority and timing of specific testing activities,
particularly when field demonstrations are
proposed as a test of concept or product
feasibility. The results of a given project may
lead to follow-on research, or could cancel an
entire line of investigation. The timing of these
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IVHS activities should be guided by a known
schedule.

Deployment

The level of deployment of IVHS will be
determined not by regulations imposed from the
top down, but rather by market need. Research
and testing of 1VHS will determine the cost-
effectiveness of the various IVHS elements.

This information will be necessary for public and
private sector decision makers and the general
public to determine what portion of their
available resources they will be willing to apply
to deployment and use of the systems.

Operations and Maintenance

Programs will need to be committed to in the
project planning stages to provide for adequate
funding and staff resources to operate and
maintain these systems once they are in place.
The conventional practice of waiting to address
operation and maintenance considerations until
after the project is implemented will not suffice
for M-IS.

Experience has already shown that the visibility
of the various elements of advanced highway
technologies will cause any failure in their
operation and maintenance to be immediately
apparent to the user. Public support for these
systems will evaporate quickly unless these needs
are provided for from the very beginning.

The concept of government agencies contracting
with private firms to provide operations staff and
to maintain hardware and software components
will need to be explored. Consideration will
also have to be given to allowing state and loca
governments, at their discretion, to use a portion
of their federal-aid alocation for funding IVHS
operations and maintenance costs. Finaly,
hardware and software that will perform reliably
in real world applications will need to be
developed.

ADDRESS PUBLIC/PRIVATE
INSTITUTIONAL |ISSUES

The success of IVHS in helping to address the
nation’ s highway mability and safety problems
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will in large part be determined by the ability of
the public and private sectors to cooperate and
coordinate their efforts in addressing a number
of institutional issues. In addition to providing
for funding for IVHS, the Congress and
state/local legidatures should address these
issues :

Merging of Public/Private Research Support

Research in IVHS should include provisions for
combining efforts and fiscal resources from
federal, other public, and numerous private and
corporate budgets. The coordinating process
will need to provide a schedule for requesting,
justifying, budgeting, and administering these
mixed-source programs.

IVHS research would be enhanced if government
contract processing procedures are made less
cumbersome and inefficient, particularly as
practiced within Departments of Transportation.
Specific procedures to marry the talents of the
pubic and private sector in carrying out IVHS
research should be considered, much as has been
done with other recent initiatives. Alternative
contracting procedures should be considered.

Creating Opportunities and Partners for Joint
Ventures

American competitiveness in the devel opment
and delivery of 1VHS technologies will be
enhanced by the pooling of knowledge and
expertise of key players. Opportunities for
partnerships and joint ventures in the U.S. can
be created if antitrust laws and regulations are
flexible enough to alow for joint development
work up to the point where private firms decide
upon the appropriate technology. These firms
would then be free to design new products in
competition with each other.

Opportunities for joint ventures will also be
enhanced if a technology transfer protocol is
developed to protect private sector proprietary
technology, but at the same time alow all
participants to learn from the work of each other
and avoid reinventing the wheel. Patent rights
would have to be worked out for these
technology development partnerships.
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Solving Antitrust, Insurance, and Liability
| SSUES

An effort is needed to investigate and
recommend ways by which the potential impact
of automotive accident litigation, insurance, and
liability issues can be minimized in the future.
The findings of such an investigation, together
with recommendations, should be reported to
Congress and other appropriate bodies as soon as
possible.

IVHS is expected to greatly decrease accidents
overdl, but it is inevitable that some accidents
will be associated with system performance.
Ways are needed to limit the liability risk of
IVHS developers in both the public and private
sector. Options might include stronger
consideration of overall system benefits,
narrower definitions of negligence, limitation of
awards, limitations of joint liability, and better
training of juries. Federaly subsidized liability
insurance and/or federal development of
standards are other approaches to reducing
ligbility risk.

Collaboration among |VHS innovators,
suppliers, and users will be particularly
important. As stated above, however, antitrust
laws and regulations must be flexible enough so
as not to restrain innovation by inhibiting
collaboration among competitors. These
provisions need to be re-examined to assure
needed cooperation among 1VHS developers and
between government and the private sector.

Alleviating State/Local Jurisdiction Conflicts

Efforts are needed to determine how to facilitate
coordination across jurisdictional boundaries.
Traffic problems do not stop at jurisdictional
boundaries, and neither should the available
solutions.

Regional traffic management systems will need
to be explored. Related to this will be
consideration as to whether an ared' s traffic
operational functions could be undertaken by
private firms.

Protecting Personal and Organizational
Privacy

AR 57~ e
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Government agencies, vehicle and equipment
manufacturers, and carrier managers will need to
demonstrate sensitivity and provide appropriate
safeguards to protect personal and organizational
privacy.

Deployment of these technologies could provide
almost constant information on a vehicle and
accordingly closer surveillance of individua
drivers. This fact by itself could present a
substantial obstacle to system evolution and
deployment. Consideration of desires for
privacy must be an integral consideration in
system development.
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Advanced Traffic Management Systems

1.0 BACKGROUND

Traffic congestion is one of the most important
problems identified by citizens in the U.S. In the last
three years, the problem has become so well recog-
nized that magazines such as Time [I] and U.S.
News and World Report [2] have run cover stories on
the transportation crisis. From Phoenix to San
Francisco to Washington, D.C., citizens are identify-
ing transportation as their number one concern [3],
and saying that it outweighs issues such as pollution,
overpopulation, unemployment, and crime. Traffic
congestion is certainly the primary reason for their
concern about transportation issues.

Several factors have led to the increase in traffic
congestion. From 1950 to 1986, the population in
the United States grew by about 60 percent. The
majority of the growth occurred in urban areas and
the formerly undeveloped rural areas surrounding
those major urban centers. This pattern of population
increase would be expected to increase the demand
for transportation. As evidence of this increased
demand, over the same time period, the number of
motor vehicles increased even faster than population,
by amost 2.57 percent [2]. In addition, Americans
placed even more reliance on their automobile as
their primary transportation mode. From 1960 to
1980, transit's share of work trips in urban areas
dropped from about 13 percent to about 6 percent.
In the same time period, work trips by the automobile
jumped from 61 percent to 82 percent [4].

The increased reliance on the automobile and the
growth in population, jobs, and households, have
combined to create severe and aarming levels of
congestion.  In 1987, there were over 2 hillion
vehicle-hours of delay on urban freeways in the
United States, a 60 percent increase over 1984, If
urban freeway travel grows at 2.1% per year, there
will be 11 bhillion vehicle-hours of delay in 2005, a
450% increase [5]. Earlier projections aso indicated
that from 1985 to 2005 delay on urban signalized
arterials would increase 240 percent to amost 500
million vehicle-hours of delay in 2005 (a 6.3 percent
increase per year) [6]. The times when demand is
exceeding the capacity of the roadway system are
rapidly increasing in many urban areas, both large
and small. Additional demand during these times
causes delay to increase exponentialy, resulting in
the steep delay projections above.
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Three strategies are available for accommodating the
increased growth in travel demand while minimizing
traffic congestion. The first is to construct more
roadways. The second is to manage the growth in
travel demand by implementing policies that provide
incentives for reducing the number of vehicles that
are on the roadways during congested hours. This
strategy is referred to as transportation demand
management. The third is to increase the efficiency
of our existing system by implementing operational
improvements. These strategies are not mutually
exclusive.

A baanced approach combining elements of all three
strategies is the only realistic way to preserve future
mobility. The implementation of advanced traffic
management systems (ATMS) will affect decisions
made regarding al three. First, any new facilities
constructed should have advanced traffic management
systems designed and built in as integral elements,
thus assuring more efficient operation.  Second,
advanced traffic management systems can be used to
enhance the effectiveness of strategies used to manage
the demand on our systems, for example, by provid-
ing rea-time information on travel time savings by
users of high occupancy vehicle lanes. Finaly,
advanced traffic management systems will encompass
all strategic aspects of traffic management and control
and will, therefore, provide the tool for implementing
many different kinds of operational improvements.

This paper is one of a series designed to bring the
concept of intelligent vehicle-highway systems
(IVHS) to the attention of decision-makers across the
country, to convince the decision-makers of the need
to establish a strong national program for developing
IVHS, and to recommend the direction that such a
program should take. This paper discusses the
advanced traffic management system (ATMS) ele-
ment of IVHS. Other papers discuss advanced driver
information systems, automated vehicle control
systems, commercia vehicle applications, and bene-
fits and costs of an IVHS program.

This paper will discuss the goals of advanced traffic
management systems, the state of the art in traffic
management systems, and the need for advancing that
state of the art in order to implement IVHS. The
characteristics of an advanced traffic management
system will be presented, followed by the interface
between advanced traffic management systems and
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other IVHS components, the general benefits that can
be expected, and a description of a proposed ATMS
program. The remainder of the paper will detail the
four parts of the proposed ATMS program: research
and development, operational testing, systems plan-
ning and deployment.

2.0 GOALS OF AN ATMS PROGRAM

The goals of an ATMS program are the same as the
goals for IVHS in general: to improve the efficiency
of our transportation system thereby reducing the
wasted time caused by congestion, enhancing the
safety of the users of the system, and improving the
timeliness of goods deliveries, and to continue to
preserve our nation’'s unprecedented mobility and
enhance its economic growth and international com-
petitiveness, while at the same time protecting air
quality and minimizing fuel consumption.

There are two primary objectives of an ATMS
program.  First is to apply new technology and
control strategies and implement state-of-the-art
traffic management systems in areas across the
United States. Second is to continue to advance the
state-of-the-art by researching, developing, testing,
and evaluating advanced traffic management and
control strategies and technological enhancements.

These two objectives work in concert with the objec-
tives of the other 1IVHS components to meet the goals
stated above. By implementing state-of-the-art traffic
management systems, citizens can begin to realize the
goas of improved efficiency, enhanced safety, air
quality preservation, and efficient fuel consumption.
By continuing to advance the state-of-the-art, not only
will increased progress be made toward these first
four goals, but the advance in technology will en-
hance this country’s economic growth in technologi-
cal fields by opening up markets domestically and by
increasing our ability to compete in the world market.

3.0 TMS STATE-OF-THE-ART

A traffic management system provides the tool to
increase the operating efficiency of and manage
demand on a transportation network. A traffic
management system (TMS) is an array of institu-
tional, human, hardware, and software components
designed to monitor, control, and manage traffic on
streets and highways. There is a need to advance the
state-of-the-art of traffic management systems to
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apply new technology and control strategies to better
manage traffic congestion and maximize the useful-
ness of the IVHS concept. The use of the term
advanced traffic management systems (ATMYS) refers
to systems where these advances in the state-of-the-
art have been included.

Before advanced traffic management systems will be
widely implemented though, we must use raise the
level of awareness of the benefits of traffic manage-
ment systems, and provide the resources and people
needed to properly design, build, operate and main-
tain them. Currently, only around 6 percent of the
almost 19,000 miles of urban freeways in the U.S.
are actually covered by an operating system. Almost
half of this mileage is in the Los Angeles area aone.
While at least 25 of the 37 metropolitan areas with
populations over one million have, or propose to
have, some form of freeway TMS, only 4 out of the
37 metropolitan areas with populations between
500,000 and one million were known to have or
propose to have one [7]. Nearly al of the larger
urban areas have arterial traffic signal control sys-
tems, but the extent of system coverage varies
widely. Most arterial systems in place today do not
respond well to non-recurring congestion nor do they
control from a network perspective, control is gener-
ally provided to move traffic adong an arterial in a
single direction. No area currently has a comprehen-
sive areawide system that covers all of the freeways
and arterial streets. Existing freeway and arterial
street control systems do not optimize traffic flow on
a corridor or areawide basis. Many of the systems
that are in place are old, they do not reflect the
current state-of-the-art and they are not operating or
being maintained effectively. Clearly the state-of-
practice in most urban areas lags far behind the state-
of-the-art.

A great deal of emphasis is being placed on improv-
ing the state-of-the-art around the world. In Europe,
traffic signal control strategies are in place that
respond in real-time to network traffic conditions to
optimize traffic flows. In addition, the European
Community is sponsoring a major research and
development program, called DRIVE, that is being
jointly funded by European government and industry
at alevel of amost $150 million, and involves almost
12,000 person-months of effort [8].
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In Japan, two major programs deserve note —
AMTICS and RACS. Both combine advanced traffic
management system elements and advanced driver
information systems to provide real-time route
guidance to motorists. Both systems have already
been tested extensively, the mgjor obstacle to wide-
scale implementation of one of these systems is a
political decision on which one to implement [9].

In the U.S., several programs are also already
underway to advance the state-of-the art. The Smart
Corridor project in Los Angeles involves integrated
control of freeways and arterial signals, incident
management on both freeways and arterials, and
provision of real-time information to motorists
through various means, including in-vehicle devices
[10], This latter aspect is being demonstrated
through the Pathfinder project [II]. The State of
Cdlifornia has also embarked on a substantial pro-
gram to develop IVHS systems called PATH, one
element of which includes traffic management and
driver information projects [12]. Many of the policy
recommendations being made in regard to new
highway legislation contain advice to substantialy
increase Federal research funding in this area. Two
of the High Priority National Program Areas desig-
nated by the Federal Highway Administration are
advanced traffic management systems and advanced
driver information systems [13]. However, the
funding required to develop a nationwide program
that will compete with the advances being made in
Europe and Japan is not yet in place.

4.0 CHARACTERISTICS OF ATMS

Advanced traffic management systems have six
primary characteristics that differentiate them from
the typical traffic management systems of today.
First, an ATMS works in real time. They are
responsive to traffic flow. Data transferred to a
control center must be current so that an effective
strategy can be devised and implemented quickly.

An ATMS responds to changes in traffic flow. The
algorithms used to develop traffic management
strategies recognize the changes in traffic flow
patterns and, in fact, are one step ahead, predicting
where congestion will occur. At present, control
system actions take place after the system has already
become congested. Advanced traffic management
systems will estimate when and where congestion will
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take place, and take steps to prevent it from occur-
ring. By informing drivers in advance of alternate
routes, time advantages of alternate modes, advising
them to delay trips, and by modifying control system
strategies, congestion will be reduced. By doing this,
many incidents will also be avoided.

An ATMS includes areawide surveillance and detec-
tion systems. Areawide surveillance and detection
are crucial so that strategies can be devised which are
truly optimal from an overall system perspective.
The data collected by these systems, particularly
origin-destination information, will aso be very
valuable for transportation planning purposes.

An ATMS integrates control of various facilities.
Advanced systems will include the joint management
of both freeways and arterials, and demand manage-
ment considerations, thus providing for a much more
efficiently operating transportation system.

An ATMS implies collaborative actions. Jurisdic-
tional problems must be overcome so that the compo-
nent control systems of adjacent jurisdictions can be
managed such that the user perceives a seamless
transportation system.

Finaly, an ATMS includes rapid response incident
management strategies.  Incident management is
crucial and includes rapid detection and verification,
and appropriate response plans. The response plan
must integrate incident site tactics (vehicle clearance,
site clean-up, and required traffic control) and diver-
sion strategies (routes involved, various forms of
real-time motorist information and traffic control
adaptation during diversion).

5.0 INTERFACE WITH OTHER IVHS
COMPONENTS

Other components of intelligent vehicle-highway
systems will provide better information to an ad-
vanced traffic management system so it can do the
following:

o Detter manage normal traffic flow,
e better cope with incidents, and

e interact with the intelligent vehicles that will be
part of the advanced driver information systems.

To maximize its usefulness, the IVHS concept
requires advanced traffic management systems that
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interface with all the other IVHS elements. Ad-
vanced traffic management systems are the umbrella
under which the other 1IVHS elements will operate.
ATMS provide the communication link between the
system infrastructure and the vehicles. As advanced
driver information system (ADIS) concepts of IVHS
are implemented, traffic management systems will
respond to the information gathered regarding loca
tion and destination. This information will provide a
unigue opportunity to optimize control strategies to
serve predicted rather than historica demand. This
will improve the system’s ability to manage normal
traffic flow and to cope with incidents.

Not only will advanced traffic management systems
be able to collect data from vehicles, they will be
able to provide systemwide traffic conditions to the
drivers. An intelligent vehicle-highway system will
communicate directly with equipped vehicles (intelli-
gent vehicles), advise the drivers of impending traffic
problems, and provide a variety of other kinds of
information to provide safer and less stressful driv-

ing.

The same kinds of benefits that accrue to general
purpose traffic will be even greater for commercia
vehicles. The ATMS element of IVHS interfaces
with the commercial vehicle operations (CVO)
element in much the same way that it does with the
ADIS element. In addition to the driver information
and route guidance applications, there are a great
many other potential benefits. Weigh-in-motion and
automated permit processes will greatly benefit
commercial fleet operations. These are already being
investigated in the Heavy Vehicle Electronic License
Plate (HELP) project [14]. In addition, automated
toll collection will reduce delay time to commercia
vehicles and automatic vehicle identification (AVI)
will help fleet operators better manage their dispatch-
ing and reduce the risk of theft. All of these applica-

tions could potentially take advantage of the real-time
communications capability and database system
offered by advanced traffic management systems.

Finally, advanced vehicle control systems (AVCS)
will aso interface with ATMS. Although many of
the vehicle control system elements can be imple-
mented autonomously, the maximum benefits will
come from a fully automated highway system that
works with an advanced traffic management system
to direct the vehicles through the network.
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6.0 BENEFITS OF AN ATMS

Some idea of the potential of advanced traffic man-
agement systems is possible from information in the
technical literature. The information presented below
is somewhat inconsistent as to the degree of improve-
ment, but what is important is the fact that al of the
studies consistently report benefits.

Starting with the basics, some well-known work by
Wagner [ 15] reported typica reductionsin travel time
of approximately 10-15%, and accompanying fuel
savings on the order of 5 %, from installing comput-
erized traffic signa control systems. Perhaps the
most advanced signa control system in the U.S. is
the ATSAC system in Los Angeles, CA. Reported
benefits for that system [16] are:

o 13.2 % reductionsin travel time

o 12.5% reductions in fuel consumption

o  10.2% reductions in hydrocarbon emissions

e 10.3 % reductions in carbon monoxide emissions

The degree of improvement depends on what kind of
system exists in the before case. Many of the bene-
fits can be attributed to the implementation of new
timing plans as part of system installations. To the
extent these can be maintained optimally, perhaps in
a traffic responsive or traffic adaptive control system,
the stream of benefits will presumably continue to
accrue. One such system is the British SCOOT
system. Tests in England showed further travel time
savings on the order of 5% due to the systems

ability to adapt to changing traffic conditions [17]

Many evauations of freeway ramp metering systems
have been performed. Some of the reported benefits
include|[ 18}.

¢ Minneapolis and St. Paul, Minnesota — After 10
years of operation, evauations show that average
peak period freeway speeds increased from 34 to
46 MPH (35%), while peak period volume
increased 32 % . In addition, the average number
of peak period accidents declined 27 %, and the
peak period accident rate declined 38 % .

e  Seattle, Washington — Between 1981 and 1987,
travel time on a specific 6.9 mile stretch of 1-5
was reduced from 22 minutes to 11.5 minutes
due to the implementation of ramp metenng.
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This occurred while the peak period mainline
freeway volumes increased 86 % northbound and
62% southbound. Over the same 6-year time
period, the accident rate decreased by 39 % .

e Long Island, New York — An analysis showed
that after two months of operation in the PM
peak, mainline travel times were reduced from
26 minutes to 21 minutes (20%), and motorists
entering at metered ramps also experienced an
average travel time reduction of 13 %. The
analysis also showed a 6.7% reduction in fuel
consumption, 17.4% reduction in carbon mon-
oxide emissions, a 13.1% reduction in hydrocar-
bons.

Perhaps the area where the largest benefits can be
obtained is the area of traffic management during
incidents. It has been estimated that an accident
blocking one of three freeway lanes reduces capacity
by 50% . A 20 minute blockage would cause 2100
vehicle-hours of delay and a queue almost 2 miles
long, and it would take 2 112 hours to return to
normal assuming there were no secondary accidents
or incidents [19]. Roper [20] estimates that during
off-peak hours, each additional minute taken to clear
an incident extends the duration of congestion by four
or five minutes. In peak periods, this factor often
soars to fifty to one, or more. Tea [21] found that
the average incident on the freeways in Los Angeles
County produced 999 vehicle-hours of delay, but that
the standard deviation was very high because 23 % of
the incidents were long-term and accounted for 74 %
of the total delay (an average of 3,225 vehicle-hours),
while the average delay for the remaining 77% was
342 vehicle-hours. Safety is also affected, a Minne-
sota DOT study found that 13% of al peak period
accidents on one Minneapolis freeway were second-
ary, i.e, they were caused by a previous incident
[22]. In 1987, it has been estimated that urban
freeway congestion is responsible for almost 2 billion
vehicle-hours of delay, 2 hillion gallons of wasted
fuel and almost $16 hillion in user costs. Almost
two-thirds of this waste was attributed to non-recur-
ring incidents [5].

The problem significantly affects truck operations.
Assuming trucks represent 5% of the traffic stream,
and the cost to operate a truck is $23 per hour [23],

the portion of the cost of the above delay that can be
assigned to truck operating costs is $2.3 hillion. And
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this does not include the costs being added to the
price of goods caught in this congestion, nor does it
include the costs to those industries relying on just-in-
time deliveries.

Freeway surveillance and control and incident man-
agement systems on these urban freeway miles
would, it is predicted, have reduced that total delay
by 35%, or by 700 million vehicle-hours. Demand
management strategies were predicted to be equally
effective, removing one of every 10 single occupant
vehicles would have reduced the total delay by 48%
P21].  Considering demand management in the
broadest sense of the term, there is evidence that
demand reductions on the order of 40% - 50% were
experienced in Chicago during the reconstruction of
the Dan Ryan Expressway [24]. There is uncertainty
about what happened to this demand (i.e, did people
not make trips, use different routes or different
times?), but the important point is that it occurred
because of accurate, timely information bemg provid-
ed to the public in a number of different ways.

Advanced traffic management systems of the kind
described in this report are only now starting to be
implemented in the U.S. The FHWA is sponsoring
a before-after evaluation of the INFORM system on
Long Island [25], but the results are not available yet.
As part of the planning for the Smart Corridor
system, the following projections of benefits have
been made [9]:

e 11% — 15 % reduction in total travel timein the
corridor

e 2-3% reduction in fuel consumption in the
corridor

e 8% reduction in hydrocarbon emissions in the
corridor

e 15 % reduction in carbon monoxide emissions in
the corridor

e Annual savings due to reduced travel time and
fuel consumption of approximately $24 — $32
million

Finaly, a number of academic studies have been
done recently that have looked at the potential bene-
fits of real-time motorist information systems in
reducing congestion. Some of these results are
summarized below:
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® As pat of the RACS project in Tokyo, Japan,
Tsuji showed that travel time savings of between
9 and 14% could be realized in urban conditions

[26].

® As part of the Autoguide project in London,
Smith and Russam concluded that drivers who
have their cars equipped with real-time route
guidance systems could readlize travel time sav-
ings of around 6%. Interestingly, unguided
vehicles could also readlize travel time savings of
around 2 or 3 % [27].

® Jones, Mahmassani, et. a. found that travel
times may be reduced by 15 % to 30 % through
route change and 10% to 22% through departure
time switching in a study of a corridor in Austin,
Texas [30].

¢ Rakha, van Aerde, et. a. concluded that the
availability of route guidance to motorists in a
congested hypothetical network could reduce the
total travel time to al motorists by around 20 % ,
assuming 20% of the drivers had such systems.
There were little additional benefits for larger
market penetration percentages, except in cases
of long duration incidents. Real-time traffic
signa control was aso found to further reduce
delay [29].

It is fair to say that the above results are situation
dependent. These studies were al done in a specific
location with differences in the availability of alter-
nate routes and the level of congestion on these
routes. The analysis tools used may aso be consid-
ered preliminary, better results may be obtained in
the future as the tools are refined based on actua
experience.

What are the potentia nationwide benefits? That's a
question that deserves more thoughtful analysis, but
cost effectiveness can be hypothetically illustrated.
Lindley [5] found that there were 2.0 billion hours of
vehicle delay on urban freeways in the year 1987,
amost 1.3 hillion of which was due to non-recurring
incidents. Assuming that an advanced traffic man-
agement system could reduce the delay due to inci-
dents by 35 %, and the 700 million hours of delay due
to recurring congestion could be reduced by

gives delay savings of 525 million vehicle-hours
annually. Further assuming an average occupancy
rate of 1.3 persons per vehicle and an average value
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of time of $6.85 per person, yields a time cost sav-
ings of $4.7 billion annually. This represents only
the potential value of time saved on urban freeways
in 1987. It does not include:

® Any savings on arterials

® Any projection of what future delays and time
savings might be

® Any measure of vehicle operating cost savings
(including fuel savings)

®  Any measure of savings due to fewer accidents

® Any measure of savings due to reduced emis-
sions

® Any measure of economic benefits, for example,
savings because goods are delivered more effi-
ciently, because just-in-time deliveries are deliv-
ered just-in-time, and savings because of a less
frazzled and more productive work force.

In Section 11 of this report, the total cost to deploy
advanced traffic management systems in urban areas
over 100,000 population in the U.S. is estimated to
be approximately $18 hillion (current dollars), with
an annua operation and maintenance cost of upwards
of $2.5 billion (current dollars). Considering the
$4.7 billion potential annual time savings on urban
freeways estimated for 1987, and considering the
value of the other kinds of benefits described above,
one can easily see the cost effectiveness of imple-
menting advanced traffic management systems across
the U.S.

In summary, advanced traffic management systems
are certainly beneficial, but wild expectations should
be tempered. Advanced traffic management systems
will not solve the congestion problem. Most, if not
al, of the studies above assumed a static demand
situation, i.e., benefits were estimated assuming
current demand levels. But demands are projected to
grow rapidly over the next 10 years. Perhaps the
best way to conceive the benefits of ATMS is in their
ability to increase throughput in a corridor or facili-
tate traffic flow on an areawide basis. While the
roads will still be congested, spreading the demand
over time, modes and routes and ingtituting integrated
optimal control should improve mobility and facilitate
economic and social activities. This will be especial-
ly true when incidents occur, perhaps the largest
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benefit of ATMS lies in their ability to help people
avoid the major delays associated with long-term
incidents. In these cases, substantial direct user cost
savings can he expected.

7.0 DESCRIPTION oF THE PROPOSED
ATMS PROGRAM

The ATMS program would include;

1
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Research and development activities on advanced
traffic management technologies and strategies,
such as improved methods of detection and
control strategies that adapt traffic controls to
changing traffic conditions in real time. The
research and development portion of this pro-
gram would be designed to produce traffic
control strategies that would take advantage of
the ability of advanced electronic technology to
provide accurate, real time information on traffic
conditions. It would consist of elements of basic
and fundamental research and development of
software and new traffic control hardware.

Establishment of test sites in several areas around
the United States to facilitate field tests and
evaluations of research and development results.
Traffic management systems in several areas
across the United States would be used as test
sites to evaluate research and development
products. The evaluations would provide trans-
portation officials with reliable information upon
which informed decisions could be made about
public investment to deploy these systems and strategies

Provision of Federal funds for planning the
implementation of state-of-the-art advanced
traffic management systems across the U.S.,
thereby creating the market for the advanced
technologies and strategies to be developed.

Deployment of areawide, state-of-the-art traffic
management systems. These systems would
provide the basic infrastructure for, and thereby
facilitate deployment of, the other advanced
technology systems contained in the IVHS pro-
gram. Funding for this part of the program is
not included as part of the IVHS program, but it
is crucial that reliable sources and innovative
funding mechanisms be found.
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8.0 RESEARCH AND DEVELOPMENT
PROGRAM

A $150 million public research and development
program is proposed. This includes a Federal pro-
gram, as well as State programs (HP&R, NCHRP
and others) that could be expected to sponsor ATMS
R&D. It does not include potential contributions
from the private sector. The program can be divided
into three broad areas; monitoring traffic conditions,
communications, and controlling and managing
traffic. The issues to be addressed in these three
areas are generaly described below. Further illustra-
tions of the expected products are given in the
milestones section at the end of this report. Many of
these R&D issues are also described in reports pre-
pared as part of a technology assessment being done
under the National Cooperative Highway Research
Program [30].

8.1 MONITORING TRAFFIC CONDITIONS

The prime objective of the research and development
program in this area would be to develop detection
methods that will be more reliable and accurate, and
that will provide more traffic information than current
detection technology.

The successful deployment of ATMS and other IVHS
systems depends on being able to obtain reliable and
accurate data on traffic conditions on the freeways
and arterial streets in real-time. Loop detectors
continue to be the predominant form of surveillance
technology used today and will be for the immediate
future. It is imperative that the technology be im-
proved to provide the quality and quantity of data that
will be required to develop, operate and evaluate
advanced traffic management strategies. A major
part of the research and development program should
be directed to developing new types of sensors. One
or more of these sensors may become the primary
source of information for ATMS, reducing or elimi-
nating the need for inductive loops. These sensors
include sonic, infrared or laser detection systems and
wide-area detection systems using radar or infrared or
video image processing.

Another major issue is to study the use of vehicles
equipped with an in-vehicle device and two-way
communications capability as a probe or supplement
to other types of sensors. This issue must be thor-
oughly addressed as it has mgjor implications on the
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cost of installing and maintaining advanced traffic
management systems.

Information on traffic and roadway conditions will
come from multiple sources, including the monitoring
systems, but also potentially from police reports,
scheduled maintenance or construction activities, fleet
managers and radio traffic reporters.  All of this
information would be processed and stored in a
database that would be available, on a real-time basis,
for several applications: traffic control, motorist
information and in-vehicle route guidance. Methods
must be developed for managing this data to ensure
that the information that will be provided is reliable,
accurate and consistent. Artificia intelligence or
expert systems techniques hold promise here.

There is aso a need to have historical information
relating the effects on capacity and operational
characteristics of freeways and arterials of bad
weather conditions, roadway construction and
incidents.  Research should be conducted to defme
these needs and to develop a uniform data collection
format to guarantee consistency of data. The results
of this research would be used in advanced driver
information and diversion strategies. The database
could aso provide information for system perfor-
mance evaluations and the development of artificial
intelligence and expert systems traffic management
applications.

8.2 COMMUNICATIONS

The primary research and development issue in this
area is the need for areawide, two-way communica-
tion of traffic and location information between
vehicles and control centers in real-time. Currently,
communication is primarily one-way, traffic informa-
tion is transmitted from a surveillance system to a
control center. A number of different communica-
tions technologies have been proposed for two-way
areawide communications, these include radio data
communications, cellular telephone, and roadside
beacons use in conjunction with infrared or micro-
wave transmissions or low-powered radio signals.

The information needs of drivers, commercia vehicle
operators and fleet managers must be identified and
the ability of the different technologies to handle the
load that would be imposed upon the communications
system determined. The different technologies must
then be assessed in terms of their performance, cost
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implications and other issues (e.g., availability of
radio frequencies, ability to receive sideband trans-
missions). This issue is aso, of course, a very key
issue in the advanced driver information systems

area.

Standards for communications interfaces must be
established early. Early development of these stan-
dards, and standards for other things such as display
methods, would not hinder technology development,
but would greatly increase the efficiency of every-
one's efforts. The impetus for developing standards
must come from industry, and must be donein a
willing and cooperative manner, with government and
other organizations playing aguiding and facilitating
role.

8.3 CONTROLLING AND MANAGING TRAFFIC

The mgjor goa of ATMS is to apply the information
collected through the monitoring processes to opti-
mize corridor or areawide traffic operations. To do
this, new traffic models and traffic control and
management strategies must be developed to take
advantage of the real-time information that will be
available. The most complex and key research and
development issues are in this area.  Successful
deployment of ATMS greatly depends on the success
of this part of the research and development program.
The general objectives of the research and develop-
ment program in this area would be to:

1. Gain a better understanding of driver behavior
issues (e.g., willingness to divert) and travel
information needs, including those of commercial
vehicle operators and potentia transit users, and
considering pre-trip versus in-vehicle differences.
Insight is needed in how people make decisions
about whether and when to travel, and what
routes and modes to take.

2. Develop dynamic traffic assignment, real-time
simulation and corridor or areawide optimization
models that can be applied to anticipate where
congestion will occur and evaluate the effects
that various control and management strategies
will have on travel patterns and traffic opera
tions. New theories of traffic flow should be
investigated.

3. Develop applications of advanced software
techniques, such as artificial intelligence and
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expert systems, for use by traffic management
operators to, for example, interface with the
traffic models, rapidly detect incidents and
recommend the best control and management
strategies.

4. Develop demand management strategies for use
by advanced traffic management systems that
could be implemented when congestion is pre-
dicted to be especially severe, or perhaps during
times when air quality standards are predicted to
be exceeded.

5. Develop corridor or areawide traffic control and
management strategies that provide accurate and
reliable information on traffic conditions to the
public, commercial vehicle operators and fleet
managers in rea-time, rapidly detect and respond
to incidents, efficiently manage saturated flow
and control traffic in an integrated, real-time
fashion.

6. Develop an interactive traffic control system that,
using real-time origin-destination data obtained
from vehicles equipped with an in-vehicle device
and two-way communications capability (auto-
matic vehicle identification or location), predicts
where and when congestion will occur, and
integrates the traffic control and management
strategies developed above to provide accurate
information on predicted traffic conditions .and
the best routes and modes to take, and provides
optimum, integrated control of traffic.

8.4 OTHER ISSUES

Other research issues that do not fit nicely in the
above scheme but are no less important, include:

1. Development of a uniform methodology for
conducting before and after evaluations of new
traffic control strategies, so that there is con-
sistency in the data being collected and how it is
being collected, to ensure meaningful compari-
sons among different studies. The results of
these studies would be used to make decisions
about major investments of public and private
funds.

2. Studies of the institutional issues that pose hur-
dles to the successful implementation of ATMS
and other IVHS systems. Perhaps the most
important issue here is the problem caused by
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multiple political jurisdictions. It will be impos-
sible to operate a truly integrated traffic control
system if agencies from different political juris-
dictions are not willing to compromise on control
decisions, for example, to increase traffic flow
on an arterial when there is an incident on a
freeway. Different techniques could be tried,
traffic management teams operating in a single
control center, franchising operation of the
system, or a system operating authority.

8.5 PROGRAM EXECUTION ISSUES

The execution of the ATMS research and devel-
opment program should proceed on severa fronts:
First, the research and development program de-
scribed above should be coordinated with other public
and private research programs, for example, the
PATH program in California, the FAME program in
Washington [31], and research programs in Michi-
gan, Minnesota, Texas and other States, as well as
research sponsored by domestic industrial partners.
Coordination should also be maintained with intema-
tional research programs, especially in Canada, and
also the European Community’s DRIVE program and
Japanese programs. Obviously, the program is very
much dependent on the results of research and
development in the advanced driver information
systems area, too.

Second, RFP and contract award processes should be
streamlined. RFP's should be less prescriptive and
more flexibility provided in contracts to pursue
promising avenues of research.

Third, a university research program should be
established to encourage innovative ideas and to
entice students to do graduate work in this area. This
program could supplement the Advanced Institutes
now being established by the FHWA. The program
could also serve to provide potential staff support for
operational tests. Under this program, contracts
would be awarded on the basis of a “best idea’
competition, using criteria such as technical merit,
technology advancement potential and application
potential. Work statements would be problem and
approach oriented rather than product specific, and
would be oriented towards basic or fundamental
research.

Fourth, public, private, and academic partnerships
must be encouraged and facilitated. The government
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should sponsor basic, fundamental and long-term
research, and should focus on technology applications
(e.g., software, system integration). Private develop-
ment of new technological applications, especialy
new traffic control hardware, could be accomplished
as part of the operational testing program. One idea
is for government agencies to provide research and
development contracts to one or more industrial and
academic partnerships and then license the resulting
products. The legal ramifications of public, private,
and academic agreements must be studied and well
understood by al parties.

Fifth, laboratory and operational facilities for con-
ducting research and testing equipment and software
must be available to public and private firms engaged
in the development of ATMS technology.

9.0 OPERATIONAL TESTING PROGRAM

A $450 million lo-year operational testing program
is proposed. This again represents the Federal
government’s share, as well as contributions to be
made by State and local governments. It does not
include a private sector contribution, although signifi-
cant private sector participation could be expected to
test new hardware technology and software systems
that private firms would expect to sell and profit from
in the future.

The program would be designed to facilitate .de-
velopment of new applied technology by public,
private, and academic partnerships, ensure the
reliability of new research and development products
in “real-world” environments, and to provide data to
promote and emphasize implementation of advanced
traffic management systems.

A minimum of ten operationa test sites would be
established to facilitate testing of new ATMS moni-
toring systems, communications technologies and
control and management strategies. To qualify as a
test site, a metropolitan area would have to have a
state-of-the-art traffic control system. The area
would have to demonstrate their interest and commit-
ment to install, operate and support more advanced
systems in the future, by approving an agreement to
let their systems serve as a site for operational
evaluations of completed research and development
products. Other factors to be considered in selecting
test sites include geographical location (it wouid be
desirable to have sites located across the country) and
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the potential and interest in implementing other IVHS
technologies (e.g., HOV facilities and toll facilities
might be idea for testing some automated control
systems in the future). It would aso be to a site's
advantage to have ideal ingtitutional arrangements
(i.e., administrative, political and legal), or be
willing to serve as a site where these issues would be
examined and new arrangements made.

The tests and evaluations would take advantage of the
existing system infrastructure to the extent possible,
but funding would be available to modify or extend
the existing system to provide the necessary instru-
mentation and facilities to conduct the tests and
evaluations. It is envisioned that many of the tests
would be small in scale, sufficient to determine the
effectiveness of the new technology or control strate-
gy. The program would also consider the provision
of operational support to the metropolitan area in the
form of training for local staff, provision of tempo-
rary support staff with special skills and training, and
funding for operations and maintenance of the new
technology for the duration of the demonstration
project.

Extensive benefit to cost data would be collected, and
the results would be publicized nationally to educate
and sensitize public administrators and the general
public to the economic consequences of congestion
and the benefits of advanced traffic management
systems.

10.0 SYSTEM PLANNING

As part of a national IVHS program, Federal funds
should be provided for metropolitan areas to under-
take comprehensive areawide system planning to
facilitate deployment of advanced traffic management
systems. It is suggested that $60 million be made
available over the ten year period for the conceptual
planning for implementing state-of-the-art traffic
management systems on an areawide basis, including
consideration of the future requirements of other
advanced systems. At an estimated cost of about
$500,000 per study, the suggested funding could
finance planning and preliminary design studies for
100 systems in the largest urban areas in the U.S., as
well as many smaller areas.

Conducting effective planning studies will help ensure
that the large public investment in building these
systems is spent wisely by addressing, for example,
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the need for systems to be designed to meet ftmction-
al control needs, the need for interagency and public
and private cooperation to be established, and the
need for adequate funding and staff resources to
operate and maintain the systems once they are in
place.

Just as important, however, is the issue of nationa
economic competitiveness. One way of fostering
continued U.S. competitiveness in the advanced
electronics area is to create a market where U.S.
firms could readily sell their products. Since ad-
vanced traffic management systems would provide
much of the basic infrastructure for the other more
advanced systems in the IVHS program, the incentive
of designated Federal planning money would help
establish a long term, widespread market for these
products. Providing the Federal funds for planning
of these systems would be a clear statement of
Federal interest in creating that market in an area that
will achieve benefits for a very large cross section of
the public. For this reason, the planning money
should be made avalable immediately, and urban
areas encouraged to develop their plans as soon as possible.

11.0 DEPLOYMENT

Widespread implementation of areawide advanced
traffic management systems throughout the U.S. is
essential in order to put in place much of the infra-
structure for evolving 1IVHS technology. The appli-
cation and deployment of advanced traffic manage-
ment systems in U.S. metropolitan areas would also
provide immediate, significant traffic flow benefits as
more advanced IVHS technology comes on line.

11.1 System DeEsIGN AND CONSTRUCTION

Stable sources of funds for system design and instal-
lation must be made available to take full advantage
of the system planning funds provided as part of a
national IVHS program. As a rough estimate,
approximately $18 billion (current dollars) will be
needed to design and construct advanced traffic
management systems in all urban areas over 100,000
population in the U. S. This includes both some form
of freeway surveillance and control system and
computerized traffic signal system, operating in an
integrated fashion from an operations center(s).

A reliable supply of Federa-aid money for system
design and instalation will be vital. Given current
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Federal budget constraints and other pressing national
highway needs, however, Federal-aid funds will
likely not be enough, these must be supplemented by
State and local funds, and private sources must also
be tapped. Innovative funding packages must be
encouraged and facilitated, mixing funds obtained
from Federal-aid and traditional State and local
highway taxes, and other sources such as bonds,
developer fees, tolls and specia tax districts. Other
innovative mechanisms, such as private financing and
public leasing of systems, should aso be explored.

11.2 SYSTEM OPERATION AND MAINTENANCE

The cost of operating and maintaining advanced
traffic management systems must also be addressed.
Technical advances in adaptive traffic control strate-
gies, detection hardware and communications tech-
niques may someday reduce these costs, but until
these are developed and widely implemented, it will
be especiadly imperative that adequate operating and
maintenance staffs budgets be provided. Systems
are, in essence, tools to be used to effectively manage
traffic.  Systems by themselves do not manage
traffic, people using systems do. Provisions for
adequately providing for system operation and main-
tenance must be included as part of the areawide
system planning studies, and firm commitments
obtained in regard to sources of people and annual
budgets. Privatization concepts should be explored,
e.g., hiring firms to provide operations staff and
maintain the hardware and software components.

Consideration should aso be given to alowing State
and local governments, at their discretion, to use a
portion of their Federal-aid allocation for funding
operations and maintenance costs.

Annual operating and maintenance costs should run as
high as 10-15 % of the origina installation cost of the
system. Using this figure, once al urban areas have
advanced traffic management systems installed, the
total annual operations and maintenance cost for all
of these systems will run on the order of $1.7 to $2.5
billion annualy (current dollars).

Staffing is an especialy critical issue. The best
technology in the world will not be effectively used
if there are no qualified individuals who know how to
design, build, apply and maintain it. Programs that
encourage excellent students to acquire an education
in fields such as transportation and electrical engi-
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neering, systems analysis and computer programming
must be developed. As IVHS research money is
provided, it can be expected that more students will
enter advanced degree programs in these areas. To
complement this, fellowships, scholarships and co-op
and professional exchange programs must be spon-
sored, and appropriate curricula and education
materials developed. Training courses and materials
and handbooks for State and local government per-
sonnel involved in the planning, design, operation and
maintenance of these systems must also be developed.

120 MILESTONES

The deployment of advanced traffic management
systems will not follow atidy schedule.  Many
research and development activities can be accom-
plished simultaneously and independently. Urban
areas will install systems at different points in time
due to different priorities and preferences. But in
any event, it will be imperative that some ATMS
activities begin early in order to set the stage for later
projects. These are characterized below as immediate
action items. There will also be a need early in the
program for basic and fundamental research, new
traffic models, new detection hardware and explora-
tion of artificial intelligence techniques. These are
characterized as the building blocks of ATMS.
Advanced ATMS strategies would be developed as
this building block research is completed, and as
other IVHS systems (most notably, advanced driver
information systems) come on-line. Please refer to
Figure 1 for a graphical illustration of how we see
technology in this area developing.

The $75 million R&D costs and the $225 million
operational testing costs would be spread through the
life of the program. The largest share of this cost
would be spent during the period between 1995 and
2000 when the advanced traffic control and manage-
ment strategies would be developed and tested.

121 IMMEDIATE ACTION ITEMS

1. Agreements should be established with at least
ten test sites.

2. System planning money should be made avail-
able.

3. Guidelines for conducting before and after evalu-
ation studies should be developed to ensure that
reliable information will be provided.
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4. Studies of the institutional issues that pose hur-
dles to the successful implementation of ATMS
and other IVHS systems should be conducted
very early in the program. Issues must be
identified and innovative ways of addressing
them found.

5. Work to develop needed standards should begin
as soon as possible to avoid wasted efforts.

12.2 THE BUILDING BLOCKS (1992-2000)

1. Fundamental research would be conducted into
driver behavior and travel information needs.

2. Red-time traffic monitoring and data manage-
ment capabilities would be developed. This
would include development and testing of ad-
vanced vehicle detection technology, including
image processing systems, automatic vehicle
location and identification techniques, and soft-
ware and expert systems to manage the plethora
of real-time information being provided from
multiple sources. The issue of whether vehicles
equipped with an in-vehicle information device
and two-way communications capability can be
used as a probe or supplement to traditional
types of detectors would be addressed.

3. New traffic models would be developed and
tested, including real-time dynamic traffic assign-
ment, rea-time traffic simulation models, and
corridor optimization techniques. Basic research
into new traffic flow theories and optimization
techniques would also be conducted.

4. The applicability of artificial intelligence and
expert systems techniques would be assessed and
applications developed and tested. Possibilities
include fast response incident detection, conges
tion anticipation, and control strategy selection.

5. Demand management strategies would be devel-
oped and tested. This might include such things
as pollution monitoring and response systems,
and HOV or transit incentives, parking restric-
tions and congestion pricing during periods when
heavy congestion is detected.

12.3 ADVANCED STRATEGY DEVELOPMENT (1995-

2005)

Using the results of the above building blocks re-
search and development, advanced traffic manage-
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ment strategies would be developed and tested in the
last five years of the decade. These would include:

1. Short term forecasting techniques that would
predict where congestion will be occurring in the
near term. These techniques would use real-time
origin-destination data provided by vehicle
probes and/or mathematical techniques, and use
dynamic traffic assignment and Al or expert
systems models to make the predictions.

2. Rapid response incident detection techniques that
would use the latest detection technology coupled
with Al or expert systems to rapidly detect when
an incident situation occurs. Traffic management
incident response strategies may be selected with
the help of other Al or expert systems tech-
niques, traffic assignment and simulation or
corridor optimization models.

3. Demand management strategies would be imple-
mented when congestion is especialy heavy, for
example, during periods when air pollution
standards are being exceeded, as measured by an
automatic monitoring system. Incentives for
using HOV's or transit, parking restrictions and
congestion pricing schemes would be established
in real-time and communicated to the public.

4. Saturated flow strategies would be implemented
when demand or predicted demands will exceed
available capacity. The strategies would be
anticipative, restricting flow into bottleneck areas
through use of upstream diversion and restricted
control techniques (gating), in order to achieve
overall system optimal flow, similar in concept
to successful ramp metering systems.

5. Integrated, adaptive traffic control strategies
would be implemented. These strategies would
respond to current or predicted traffic conditions
in rea-time, and would jointly consider ramp
metering rates, traffic signal timing and motorist
information (diversion).  Control would be
provided in an integrated, corridor, or areawide
basis.

12.4 DEVELOPMENT OF THE ULTIMATE TRAFFIC

CONTROL SYSTEM (2000-2005)

The ultimate traffic control system is termed an
interactive traffic control system. In these systems,
in-vehicle devices have now achieved a substantial
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market penetration and accurate real-time origin-
destination information is available. Accurate infor-
mation on current and predicted traffic conditions and
the best routes to take is now being provided to the
public, commercia vehicle operators and fleet man-
agers through the in-vehicle devices and at home,
places of employment and at terminals. The ad-
vanced strategies developed above are now being
implemented and integrated in traffic management
centers across the country. The roads are still
congested, but more travel is being accommodated
with the accompanying economic and social benefits.
Major delays due to incidents are being avoided,
goods are being delivered on time and people are
happier because they know when and why there is
congestion, and they are able to make informed
choices about whether and when to travel, and what
routes and modes to take.
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APPENDIX A
COST ESTIMATES CONSTRUCTION

The Market
1. Freeway Systems

From 1988 data obtained from FHWA's Highway Performance Monitoring System, there are 8,621 miles of urban
freeway in the U.S. currently operating at V over C's over 0.7 (based on peak period volume). We have assumed
a system is needed on all of these miles. Subtracting the 1,100 miles already with systems leaves approximately
7,500 miles.

We have further assumed that these will be spread out over 100 different systems in about 75 urban areas (there
are 74 urban areas over 500,000 population in the U.S.).

We have further assumed that the remaining urban freeway miles (18,800 total — 8,600 = 12,200 miles) would
benefit from a system, but one that was not as intensely instrumented.

This covers all areas with populations over 50,000.
2. Signal Systems

We have assumed 1 signal for every 1,000 people in U.S. urban areas. There are about 120 million people in areas
over 1 million population, or about 120,000 signals. There are about 50 million people in areas between 250K and
1 million population, or 50,000 signals, and there are about 25 million people in areas between 100 and 250k
population, or 25,000 signals.

The Costs
1. Freeway Systems
a . Planning
(1) Assume $500,000 per study for an areawide planning study.
(2) 100 systems
$500,000 x 100 = $50 million
(3) Assume the cost of planning the remaining systems will be 20% of the above cost.
$50 million x .20 = $10 million
b. Design
(1) Assume $7.5 million per areawide system.
(2) 100 systems
$7.5 million x 100 systems = $750 million
(3) Assume the cost of designing the remaining systems will be 20% of the above cost.
$750 million x .20 = $150 million

c. Construction

(1) Assume $1 million per mile (for detectors, cameras, changeable message signs, ramp meters,
communications)
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(2) 7,500 miles
$1 million x 7,500 miles = $7.5 hillion

(3) Assume the cost of constructing the remaining systems will be 30% of the above cost.

$7.5 billion x .30 = $2.25 hillion
d. Operations and Maintenance
(1) Assume 10-15% of the total construction cost annually
(2) For al 18,800 miles
($7.5 billion + $2.25 hillion) x .10 = $975 million
($7.5 hillion + $2.25 bhillion) x .15 = $1.46 billion
2. Signal Systems
a. Planning
We have assumed this will be addressed as part of the areawide studies estimated above.
b. Design
(1) Assume $2,000 per intersection
(2) Approximately 200,000 intersections
$2,000 x 200,000 = $400 million

c. Construction

The following assumes extensive state-of-the-art monitoring capabilities will be instaled, as well as a
comprehensive state-of-the-art communications system, modem controllers, and a modem central control
facility. Few of these types of systems exist in the U.S., none on an areawide basis, so for purposes of

gross estimation, it is assumed that systems of this type are needed everywhere.
(1) For large areas, assume $40,000 per intersection
(2) 120,000 intersections
$40,000 x 120,000 = $4.8 hillion
(3) For medium areas, assume $30,000 per intersection
(4) 50,000 intersections
$30,000 x 50,000 = $1.5 hillion
(5) For small areas, assume $20,000 per intersection
(6) 25,000 intersections
$20,000 x 25,000 = $0.5 hillion
Total = $4.8 + $1.5 + $0.5 = $6.8 bhillion
d. Operations and Maintenance
(1) Assume 10-15% of the tota construction cost annually
(2) For al 195,000 signals
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$6.8 billion x 10% = $680 million annually
$6.8 hillion x 15 % = $1.02 billion annually
TOTAL DEPLOYMENT COSTS
a. Design and Construction
$750 million + $150 million + $7.5 billion + $2.25 billion + $400 million + $6.8 billion = $17.85
billion
b. operations and Maintenance
$975 million + $680 million = $1.65 billion annually (10%)
$1.46 billion + $1.02 hillion = $2.48 billion annually (15%)
RESEARCH AND DEVELOPMENT AND OPERATIONAL TESTING

The popular estimate for the Federal share of the cost of the total IVHS program is $100 million per year for 10
years, or a total cost of $1 hillion. Divided up evenly among the four component areas would give $250 million
to ATMS. We have assumed that there will need to be a larger Federal participation in ATMS work than in some
of the others, we have selected an arbitrary 36 % , which gives, of course, $360 million total. From the above, $60
million will be needed for the system planning studies that are part of the proposed ATMS program. That leaves
$300 million, which we have arbitrarily divided up as $75 million for R&D and $225 million for operational testing.

We have further assumed 15 States will have significant ATMS R&D programs at an average investment of
$500,000 per year (the current annual investment in Washington State's FAME program). Over the course of the
lo-year program, this would be an additional $75 million, for a total $150 million public R&D program.

Finally, we have assumed that the States will participate in the operationa testing program equally with the Federal
government. Doubling the Federal $225 million investment gives a total 10-year investment of $450 million.
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ADVANCED DRIVER INFORMATION
SYSTEMS

James H. Rillings, General Motors Corporation
Robert J. Betsold, Federal Highway Administration
PREFACE

Driving a vehicle generally requires us to execute
five distinct types of tasks: (1) planning, (2) per-
ception, (3) analysis, (4) decision making, and (5)
control. An intelligent vehicle for Intelligent Vehicle-
Highway Systems (IVHS) generaly includes vehicle
features that assist with some or al of these tasks.
That is, planning a trip or maneuver, perceiving the
condition of the vehicle and external environment,
analyzing the resulting dynamic situation, deciding
what action is required, and taking that action. Each
of these five tasks can be further divided into two
categories: (a) those generally high bandwidth
elements that directly deal with the safety and
security of the vehicle and its occupants, and (b)
those generally lower bandwidth elements that
directly deal with convenience and efficiency of travel
and only indirectly with safety. In the work reported
here, Advanced Driver Information Systems include
only those tasks falling into this second category; the
higher bandwidth tasks dealing with safety are
included under the topic of Advanced Vehicle
Control, to which they are directly related.

For the purposes of this study, then, Advanced
Driver Information Systems are those vehicle features
which assist the driver with planning, perception,
anadysis, and decision making to improve the
convenience and efficiency of travel. These systems
provide direct and immediate benefits to the driver
and, indirectly, benefits to society. The benefits to
society (less congestion, more efficient transportation
of people and goods, reduced fuel consumption,
improved air quality, and fewer motor-vehicle
accidents) increase as the proportion of ADIS
equipped vehicles in the nationa fleet increases.

BACKGROUND

Information is a key to decision making, and well-
informed drivers can make decisions which lead to
safer, as well as more efficient, travel. A basic
system of fixed signs and pavement markings aids the
motorist in vehicle guidance, navigation, and other
vehicular control activities. Speed limits, passing
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zones, curve warnings, and stop or yield signs have
been used for many years to guide and control
vehicular traffic. Travel is also aided by route
numbers and streets signs, and by printed maps which
help to orient and guide the traveler through
unfamiliar territory. Recognizing that many drivers
could not effectively use road maps, and that growing
metropolitan areas contributed to navigation
problems, the Federal Highway Administration
sponsored research to develop an Electronic Route
Guidance System (ERGS) which would provide in-
vehicle directional guidance to the driver [I]. Using
preselected origin and destination information, and a
series of directiona arrows displayed in the vehicle,
ERGS was intended to improve driver navigation in
urban areas. A planned operational experiment in
Washington, D.C. was abandoned in 1971 when a
Congressional Appropriations Committee questioned
the cost, as well as the need, at that time. It should
be noted that the proposed system included many of
the characteristics of the Auto-Guide System [2]
which is now being implemented in London.

In 1973, the Japanese Comprehensive Automobile
Traffic Control System (CACS) project [3] began
and, by 1979, established the feasibility of the ERGS
technology. This work established the support for the
current field operational experiments which are
underway in Japan (RACS [4] and AMTICS [5]).

As traffic congestion increased in the United States in
the 1970’s, radio frequency (RF) transmissions were
initiated to alert motorists of traffic conditions (traffic
advisories through commercia radio stations) and to
provide guidance to special attractions (highway
advisory radio) [6]. There was aso limited use of
changeable message highway signs to provide speed
and warning messages to motorists [7]. Since 1984,
mobile communications have been available to the
driver through cellular systems, and 10 million units
are expected to be in use by the year 2000 [8§].

Advances in electronic technology, with miniatur-
ization of components and reduced unit costs, have
allowed a wide array of information which can be
provided to the driver through a broad assortment of
communication systems and media. Fixed information
such as electronic route maps, tourist guides, and
service directories can be self contained within the
vehicle and accessed through media such as magnetic
tape or compact disc. Vehicle status and warning
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indications can also be provided through self
contained, in-vehicle sensors.

While all these systems add convenience and security
to the motoring experience, they lack an essentia
ingredient which can reduce individua travel time,

reduce traffic system congestion, and improve travel
safety. This ingredient is the dynamic, or real-time,
traffic and roadway condition information which is
necessary to optimize route selection and operational
decisions. To obtain this information, it is necessary
to establish communication linkages with the
Advanced Traffic Management Systems (ATMS)
described in the previous section of this report. One-
way communication links to the vehicle from the
ATMS can provide up-to-date information such as
traffic congestion, safety advisories, parking lot
status, and environmental conditions (ice, snow,
etc.). With two-way communication, the vehicle can
serve as a dynamic traffic sensor and provide
feedback to the traffic management system, alowing
the management system to anticipate congestion and
provide operational relief measures.

Evolution of Advanced Driver Information Systems
(ADIS) is expected to occur in three stages — an
Information Stage, an Advisory Stage, and a
Coordination Stage. These stages are projected to
evolve in the 20-year period from 1990 to 2010, and
the operational features expected in each stage .are
described in the following sections. Advancement
through the evolutionary stages is not expected to
require major technological breakthroughs; but
research and development, as well as significant
operational field trials, will be required to apply the
technology and assure that the systems operate in a
safe and efficient manner. At a minimum, North
American standards and protocols must be established
to allow full compatibility among the communication
systems provided by the public and private sectors.
Alternative system architectures must be evauated
and key system decisions made through cooperative
forums involving full government and industry
participation.

The special needs of selected segments of the
traveling public must also be considered. These
include: (1) older drivers whose vehicle operation can
be enhanced by in-vehicle signs or roadside
encroachment warnings, and (2) public service and
commercia vehicle drivers and fleet system managers
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whose travel navigation and operating efficiency can
be enhanced by position location and communication
systems.

Despite the expected benefits from the improved
information systems, there are concerns that the
driver should not suffer from information overload or
distractions which will reduce attention to the driving
task. Both the amount of information and the method
of presentation to the driver must be carefully
evaluated to ensure that highway safety is enhanced
rather than degraded by the information systems.
Human factors studies, including cognitive and user
demographic analyses, will be required to establish
the effectiveness and acceptance of the proposed
communication and information systems.

STATE-OF-THE-ART

Advanced Driver Information Systems (ADIS)
provide drivers with information on congestion,
navigation and location, traffic conditions, and
aternate routes. The information could involve loca
accidents, weather and road conditions, alternate
routes, recommended speeds, and lane restrictions. In
concert with crash warning systems, information
could be provided on potentialy dangerous driver,
vehicle, road, or environmental conditions. ADIS
could also provide information that would assist the
vehicle operator to plan his or her trips.

There are a number of technologies available to
provide drivers with such information. Some of these
technologies use equipment external to the vehicle.
For example, there are location and identification
systems in use or under development relying on GPS,
LORAN-C, GEOSTAR, or proprietary satellites.
These systems use sophisticated triangulation
techniques to determine vehicle locations. Other
systems use “dead-reckoning” — that is, the current
location of a vehicle is computed by measuring the
direction and distance the vehicle has gone from a
known starting position. In addition, another type of
ADIS uses part of an FM radio signal to broadcast
traffic information to motorists.

Specific types of ADIS technologies include:
e On-board replication of maps and signs;
e Pretrip electronic route planning;

e Traffic information broadcasting systems;
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e Safety warning systems,
« On-board navigation systems;
e Electronic route guidance systems.

The on-board display of roadside signs would provide
a safety and navigation benefit; such devices could
replicate warning or navigational roadside signs that
may be obscured during inclement weather or when
the message should be changed, such as to lower
speed limits during ice, rain, or snow conditions.
Roadside information and warning signs, displayed
inside vehicles, would improve their effectiveness,
especially for drivers with impaired vision or driving
in bad weather. Messages could also be tailored to
particular types of vehicles.

Route planning, improved maps, and more accurate
and consistent signs can reduce trip distances and
transit times. Pre-trip electronic route planning
systems are being developed and are available at
certain car rental counters. With these systems, the
traveler's origin and destination are entered into a
computer and a printout of directions is produced.
For trip planning purposes, these systems can
estimate minimum time, distance, or travel-related
expenditures. Route-planning systems can also
provide information on public transportation,
including information on bus stop locations,
schedules, and the location of subway and bus
terminals.

Traffic information broadcasting systems provide
information on traffic conditions, enabling drivers to
ater their routes. With some systems, transmissions
are received through car radios after drivers are
alerted to turn the radio to a specific frequency. With
other systems, special receivers must be installed.
Existing examples of these systems include Highway
Advisory Radio in the United States and the ARI
(Autofahrer Rundfunk Information system in Europe.
Various traffic information broadcasting systems are
being considered for use in the United States.

In-vehicle navigation and location systems also
provide information on video display terminals in the
vehicle or use dashboard signals. More sophisticated
systems, termed electronic route guidance systems,

provide real-time information on traffic, road, and
weather conditions and provide route guidance to the
motorists that reflects real-time traffic conditions.
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These video display terminals show the highway
network and the location of the traffic problems,
alowing drivers to change routes and make more
informed decisions.

There are a wide range of in-vehicle navigation
systems and programs being developed in the United
States and abroad. The following are brief
descriptions of some of the systems and programs:

Pathfinder — is a cooperative project among the
Federal Highway Administration (FHWA), the
California Department of Transportation (Caltrans),
and Genera Motors Corporation. Pathfinder, an in-
vehicle navigation system, isan experimental project
aimed at improving traffic flow. The project provides
drivers of specialy equipped vehicles with real-time
traffic information about accidents, congestion,
highway construction, and alternate routes. The
Pathfinder system is being tested to see how drivers
could benefit by receiving on-board information
through a computerized mapping device on a monitor
display. A control center manages the
communication, detecting traffic density and vehicle
speeds, and transmitting that information back to the
equipped vehicles in the form of an electronic map
shown on the display screen. The system helps
motorists find the most efficient path of travel to their
destination. The experiment will take place in an area
known as the Smart Corridor, a 13-mile stretch along
the Santa Monica Freeway between Santa Monica and
Los Angeles. The corridor, one of the most heavily
traveled areas in the country, includes the freeway
service roads and five mgjor paralel arterial roads.
Following the installation and testing of the
Pathfinder project, Caltrans will perform an evau-
ation of the experiment. The evaluation is scheduled
to begin in April 1990.

ALI-SCOUT/LISB — developed in the Federal
Republic of Germany by Bosch/Blaupunkt and
Siemens, is a route guidance system that uses infrared
transmitters and receivers to transfer navigation
information between roadside beacons and on-board
displays in appropriately equipped vehicles. Earlier
versions of a route guidance system were tested along
a 60-mile stretch of German autobahn. A more
advanced ALI-SCOUT system (LISB) has been tested
in Munich and is undergoing testing in West Berlin.
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AUTOGUIDE - is the British version of the ALI-
SCOUT system. A test of this technology is now
underway in London, and in a corridor between
London and Heathrow Airport. It is anticipated that
roadside beacons will cover the London area, and
then Great Britain, by the early 1990's.

AMTICS - sponsored by the National Police
Agency, the Ministry of Posts and Telecommuni-
cations, the Japan Traffic Management and Tech-
nology Association, and 59 private companies.
AMTICS is a relatively sophisticated traffic control
system that transmits traffic congestion information
from a traffic control center to an in-vehicle display.
The AMTICS system has the capability to provide
“static” and “dynamic” information. The basic
design of the system was completed in October 1987.
Pilot experiments, using 11 passenger cars and a bus
in central Tokyo, began in April 1988 and were
completed in June 1988. Twelve private companies

developed pilot systems.

RACS — another Japanese program is the Road-
Automotive Communication System (RACS). Using
different communication technology, RACS is a
parallel research project. RACS is sponsored by the
Public Works Institute of the Ministry of
Construction, the Highway Industry Development
Organization, and 25 private companies. RACS
consists of roadside communication beacons, on-
board vehicle units, and a systems center. RACS
collects and disseminates information between
roadside beacons and vehicles. The system functions
are classified into navigation, roadside information,
and message systems. The first road test of RACS
began in March 1987, and was carried out in an area
of about 350 square kilometers in Tokyo and
Yokohama. This test used 74 location beacons. The
second road test began in March 1988. This test used
91 beacons and improved digital maps. Also,
provision of real-time data and traffic data was tested.
The third field test of RACS began in July 1989.
This test included the total concept of RACS (i.e,
navigation, traffic information, and individual
communication).

PROMETHEUS - which is one of the two most
important European IVHS programs contributing to
ADIS, stands for PROgraMme for European Traffic
with Highest Efficiency and Unprecedented safety.
Primarily a private sector initiative, PROMETHEUS
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is aimed at developing a uniform European traffic
system incorporating 1VHS technology. To carry out
this program, a consortium of European automobile
companies, supplier companies, electronic firms, and
university research institutes has been formed. The
PROMETHEUS system is designed to be a
European-wide traffic management and control
system using three major levels of information
transfer or communication — intelligent driver aids
on-board the vehicle, communication networks
between vehicles, and communication and
information systems that link vehicles and roadside
facilities. PROMETHEUS began in 1986 and is an 8-
year, $800 million program.

DRIVE - is the other major European IVHS
program. DRIVE Dedicated Road infrastructure for
Vehicle Safety in Europe) is a European Community
program of collaborative research and development to
find ways to aleviate road transportation problems
through the application of advanced information and
telecommunications technology. The stated goal of
DRIVE is to improve road safety, promote transport
efficiency, and reduce environmental pollution. In
198.5, studies were conducted for the European Com-
munity on driver information systems. These studies
confirmed the need for such a program, and the
DRIVE program was initiated in June 1988. The
DRIVE program focuses on the transmission of
information between vehicles and the road. A mgjor
goal of the program is to develop standardized
technology so that any products or services devel oped
as a result of this program could be used throughout
the European Community. Participants in the DRIVE
program include representatives from the public
sector, motor vehicle and supplier industries, and
highway users. DRIVE has a total committed funding
level of $132-150 million, over a 3-year period, of
which one-half is from the public sector and one-half
is from the private sector.

Table 1 lists some important attributes of the systems
discussed above.

There are other driver information systems being
developed which are externa to the vehicle. The
regional phone companies, IBM, Sears, AT&T, and
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many smaller companies are developing and
implementing videotext systems and services for the
home. These could be used to improve the
transportation information base for individual mode
and route choices.

Table 1. Examples of Advanced Driver Information Systems, Programs and Functions

Systems
&
Programs

Navigation

Route
Guidance

Real-Time
Traffic
Congestion

General
Traffic
Info.

Trip

Services

Pre-Trip
Planning

Personal
Communicat
ions

Emergency
Communica
lions

Systems

X

Pathfinder

AMTICS

RACS

Auto-guide

Eol T
b

LISB

Atlas

CARMIN X
AT

CARIN X

HAR

ARI

RDS

Programs
PROMETHEUS &

DRIVE

European research and development programs contributing to al components of ADIS

STAGES OF DEVELOPMENT

We have found it convenient to divide the devel-
opment of ADIS into three stages:

e Information Stage 1990-1995
e Advisory Stage 19952000
» Coordination Stage 2000-2010.

During the Information Stage, primary emphasis will

be to provide each driver with information to improve
individualplanning and decision making. Most of the
capabilities will rely on the vehicle's own resources
and will be independent of any infrastructure. Such
features as dead-reckoning navigation systems, on-
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board information databases, and static route selection
fal into this category. With limited support from the
infrastructure, real-time traffic incident information
could be made available to each driver to assist in
personal route planning.

The Advisory Stage will supplement the static on-
board information with dynamic traffic information
collected and transmitted by the infrastructure. This
will include traffic link times (the time to traverse
various parts of the road network), incidents,
weather, and other factors affecting traffic flow. This
digital information will be received by the vehicle
automatically and used to compute the current
optimum routes, or filtered for relevance and only

Page 5



Advanced Driver Information Systems

selected items presented to the driver. The vehicle
will then guide the driver step-by-step over the

optimum route providing critical information as
nesded.

The Coordination Stage will have been reached when
the vehicles and the infrastructure automatically
exchange information to optimize theflow and safety
of traffic over the entire network. Vehicles will

continually report on traffic conditions encountered.
The infrastructure will combine this information with
al its other sources of information using predictive
data-fusion models to provide coordinated routing and
traffic signal control. Individual vehicles requiring
emergency assistance can summon the required
service (police, medical, mechanical, etc.) which will
be automatically routed to the scene.

The time periods shown for these stages are, of
course, approximate and are meant to represent the
time period covering from commercia introduction to
penetration of approximately 10 percent of the new-
car fleet. At any point in time there will be some
localities and some vehicles operating in each of these
stages.

The remainder of this report will describe our
recommendations for the development of a North
American ADIS system in terms of these three
stages.

THE INFORMATION STAGE

During the Information Stage, primary emphasis will
be to provide each driver with information to improve
individual planning and decision making. Most of the
capabilities will rely on the vehicle's own resources
and will be independent of the infrastructure. Such
features as dead-reckoning navigation systems, on-
board information databases, and static route selection
fal into this category. With limited support from the
infrastructure, real-time traffic incident information
could be made available to each driver to assist in
personal route planning and to avoid known areas of
congestion.

GOALS

The Information Stage establishes the technical and
socio-political foundations critical to the future of
ADIS. Of great importance during this stage is not
only the designed performance of ADIS and the
benefits derived from it, but also the cooperative
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nature of the public and private sector aliances that
are formed to bring it about.

The Information Stage should achieve an econom-
ically viable basic navigation and receive-only traffic
communications capability for private and commercial
vehicles. These two features form the core
capabilities which directly contribute to the
congestion and safety benefits that ADIS can
produce. A further goal of this stage is to achieve
sufficiently stable standards for database formatting
and access so that the investment to produce on-board
map and information databases for vehicle navigation
systems becomes commercially attractive for private
enterprise.

This should be the testing period for ADIS. Systems
of many different types and capabilities should be
explored in field studies and demonstrations. The
goals of these studies should be to evaluate the actual
benefits the various features can provide in the hands
of rea drivers in real driving situations.

This is also the time to begin the much needed
investment in human factors and behaviora studies
relating to ADIS. These should include not only the
obvious performance issues, such as color, size, and
location of displays, but also the more basic issues of
information intelligibility, cognitive performance in
driving, and acceptability of various decision making
and routing strategies.

SYSTEM DESCRIPTION

A typica ADIS system at the end of the Information
Stage will have, on-board the vehicle, the features
listed in the table below.

Table 2. ADIS Features — End of Information Stage

o  Dead-reckoning map-matching navigation system;
o  Digita traffic information receiver;
o  Static mute-planning for minimum distance of travel;

o Color video display for maps, traffic information, and route
guidance;

o  Yysthesizedvoicefor traffic information and route guidance;
o Map database including turn restrictions and freeway signs,
o Business directory database integrated with map database;

o Electronic vehicle identification for toll debiting;

o Digital cellular telephone.
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The infrastructure required to support these vehicles
is listed below.

Table 3. Support Infrastructure Required

+  Traffic Information Center to collect, format, and transmit
traffic information;

. Trafficinfor mation transmitters;

. Organization to prepare and distribute map and business
directory databases;

. Agencies to inspect and certify accuracy and currency of
databases used for mute guidance;

. Toll stations equipped to read vehicle ID.

ALTERNATIVE CONFIGURATIONS

Alternative approaches exist for determining the
position of the vehicle, providing route guidance, and
communicating real-time traffic information to the
vehicle.

The most likely approach to determining the position
of the vehicle, with respect to the road network
(“navigation”), is using dead-reckoning with map-
matching. This is the approach pioneered in the U.S.
by ETAK [9] that uses a magnetic compass, wheel
speed sensors, and algorithms which match the
vehicle’'s motion to the map network in such a way as
to correct the build-up of position error inherent in
any dead-reckoning system. There are several
aternatives, however. LORAN [10] and GPS [ 11]
are radio-based position finding systems, essentialy
triangulating on terrestrial or satellite-based
transmitters. Similar triangulation can aso be done
using cellular telephone transceivers or other satellite-
based receivers. Other approaches (AUTO-GUIDE
[12], LISB [13], AMTICS [14]) correct errors in the
dead-reckoning position when the vehicle passes
electronic sign posts. Each of these approaches
should be investigated for cost, accuracy, and
practicality in a North American system.

On-board route guidance instructions could be
communicated to the driver in a number of ways.
AMTICS (Japan) has chosen to indicate the guidance
route as a highlighted overlay on a CRT map display.
AUTO-GUIDE (Great Britain) and LISB (West
Germany) use a simplified display showing
schematics of intersections with directional arrows
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indicating the next action for the driver to take. All
of these systems can be augmented with synthesized
voice, or voice can be used alone without a visual
display. As head-up displays (HUD) [15] are
developed having flexible format, they would be an
obvious possible aternative.

Similarly, alternative approaches exist for commu-
nicating real-time traffic information to the vehicle.
These can be as simple as an audio traffic message
channel similar to the NOAA weather channel [16].
Approaches which offer the potential for growth into
later stages of ADIS include exclusive-channel digital
traffic transmitters (the option included in Table 2),
digita messaging on the sub-carrier of commercia
FM radio stations (Europe's Radio Data System's
Traffic Message Channel [ 17]), and short-range rf or
infrared transmitters on electronic signposts (AUTO-
GUIDE).

POTENTIAL BENEFITS

Although full benefits of ADIS will not be realized
until the later development stages, the Information
Stage will provide significant benefits on its own.
Estimates made by the Federal Highway
Administration in 1985 show that approximately 6
percent of all driving in the United States is due to
incorrect choice of route [ 18] An effective navigation
system with static route selection, coupled with real-
time traffic information, would go a long way to
eliminating this unnecessary travel for ADIS-equipped
vehicles. Reducing vehicles exposure to congestion
also reduces their exposure to accidents, further
reducing congestion.

There are aso definite psychological and safety
benefits to “never getting lost” and always being
able to determine an efficient route home or to an
emergency facility.

The commercia vehicle sector will derive additional

benefits from the Information Stage, such as lower
transportation costs, more reliable just-in-time
delivery, less delay at borders, weigh-stations and toll
booths, and less stress on drivers.

Successful deployment of the Information Stage of
ADIS builds a firm foundation for the succeeding
stages with their additional benefits to individuals and
society.
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INTERFACES WITH OTHER ELEMENTS OF IVHS

During this stage, the primary interfaces to ADIS are
with the Advanced Vehicle Control (AVC) sector, the
Commercial Vehicle Operations (CVO) sector, and
the Advanced Traffic Management (ATM) sector.

The Advanced Vehicle Control sector has respon-
sibility for providing safety information to the driver.
This may include collision warning, impaired driver
warning, and similar notices which may require
immediate driver response. It is likely that the driver
interface for these functions will share many of the
devices (video display, synthesized voice, etc.) used
by ADIS. For this reason, a shared design philosophy
must be developed between the two sectors. Joint
systems analysis and human factors development and
testing should take place to insure the proper

prioritization of information and driver notification.

All of the features described in Table 2 will be of
direct benefit to the commercial sector. In actuality,
the commercial sector is leading in the applications of
ADIS Information Stage features because they do
reduce driving time and improve service, both of
which contribute to profits. Federal Express [ 191 and
United Parcel Service [20], among others, are
making wide use of navigation and communications
features now. Through cooperation with the
Commercial Vehicle Operations sector, the ADIS
electronic vehicle identification feature could be
extended to permit weigh-in-motion [21]. Further
development of the ADIS vehicle capabilities and
infrastructure support should explicitly consider the
needs of the commercial sector, both to improve
overall transportation system performance and to
increase the market for ADIS equipment, thus
reducing its cost and making it more widely
available. Several of the features of infrastructure
support listed in Table 3 will become the direct
responsibility of the Advanced Traffic Management
sector. ATM must collect, format, and transmit the
real-time information on incidents and congestion.
This will include procurement and management of the
traffic-transmitter network. ATM would also benefit
by managing the infrastructure side of automatic toll
debiting.
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RESEARCH AND CEVELOPMENT REQUIRED

Since the Information Stage begins the development
of an ADIS for North America, much of the research
and systems analysis should be done during this
stage. This will be a key to the successful, efficient
development and deployment of ADIS.

Systems Analysis

Systems anaysis should address the overal system
design issues, benefits, studies, and tradeoffs among
the different elements which constitute ADIS and its
supporting infrastructure. This analysis should deal
with the system at least at three levels: (1) the
complete 1VHS system design including technical,
societal, and economics issues; (2) the complete
ADIS system design, including users, vehicles, and

infrastructure; and (3) individual subsystem designs
for vehicles, stationary elements, and communication

links. The results of these studies should be
corroborated by the field demonstrations and
experiments described in a later section of this report.

Research to support these analyses should include;

e Modelling and simulation of specific urban
traffic networks to estimate level of benefit for
the different stages of ADIS;

e Optima alocation of tasks between vehicle and
infrastructure;

e Channel capacity requirements for real-time
traffic information;

» Communications architecture and technology;

e Methods of collection formatting and dissemi-
nation of real-time traffic information;

e How, where, and when rea-time traffic infor-
mation is provided;

e How to create predictive real-time traffic
information;

e Cost-benefit analysis for various alternative
system features (e.g., electronic maps, guidance
displays, real-time traffic information, automatic
toll debiting, etc.) and architectures (e.g.,
centralized or distributed dissemination of real-
time traffic information);

e Content requirements for a national digital map
database.
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Human Factors Research

Human factors research for ADIS can be grouped
into: (1) ergonomic and anthropometric issues, which
we generally understand, and (2) cognitive,
utilization, and acceptability issues, which we
generally do not understand. Issues in the first
category will require applied research to support
specific de-signs, while those in the second category
require some more basic research to ensure the
ultimate efficiency and acceptability of ADIS.
Recommended studies include:

® Driver Interface
Optimal Display Characteristics
Optimal Voice Characteristics
Sensory Channel Tradeoffs
Format and Wording for Traffic Information

Format and Symbology for Navigation Infor-
mation

¢ [ntelligibility — Cognitive Analysis
Cognitive Spatial Mapping
Cognitive Time Scaling
Sensory Mode Evauation
Anaysis of Cognitive Errors

® ADIS — Driving Performance Coupling
Vehicle Guidance Analysis
Vehicle Control Analysis
Sensory Mode Interactions
Information Capacity Anaysis

® ADIS Utilization
Factors That Affect Perceived Benefits
Route Suitability Perception
Route Risk Analysis
Subjective Time Metrics
Use Prediction Model

® User Demographic Anaysis
Cognitive Attributes
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Performance Attributes
Preference and Attitude Attributes
Define User Clusters

Determine Specs, Utility, and Acceptability by
Cluster

OPERATIONAL FIELD TESTS

Limited operational field tests and experiments to
gather experience with the Information Stage of ADIS
are aready planned or underway. An example of
these is the PATHFINDER [22] experiment to
determine the benefits of route guidance and real-time
traffic information in the Santa Monica Smart
Corridor [23]. This experiment is described in more
detail in the State-of-the-Art section of this report.
PATHFINDER is a pioneering effort, but involves
only 25 vehicles operating in a particular type of
environment. It will be necessary to build on this
base by conducting additional experiments and
operational tests, using different approaches to ADIS
in different roadway environments in different
sections of the country. We recommend a series of
operational field tests similar to the following:

Test1 Test ADIS Information Stage features in
rental-car fleets in representative cities
across North America. This will provide
human factors and preference information
from a broad cross section of users in rea
driving situations, while giving the widest
possible exposure to the public, government
officials, and press of the potentia benefits
of ADIS.

Test 2 Extend Test 1 to include public service
vehicles and commercial fleets, such as taxis
and delivery trucks. This would permit
assessment of productivity gains and mission
time reductions, and alow the exploration of
information exchange between commercia
fleets and traffic information centers.

Test 3 Extend PATHFINDER to cover the major
roadways in the Los Angeles basin while
partially subsidizing the equipping of
100,000 private and commercial vehicles.
Only with a large-scale test of this kind can
we assess the real benefits to congestion and
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safety that an Information Stage ADIS can
provide.

Test 4 Test a low-cost dissemination of available
rea-time traffic information using an FM-
subcarrier or Highway Advisory Radio
communications channel. This will evaluate
the benefits that an absolutely minimal
system can produce.

Test 5 Test the use of vehicles as traffic probes by
equipping a percentage of the vehicles in
Tests 1 and 2 to communicate traffic
conditions automatically to a traffic infor-
mation center. This would be used to test
various communications technologies and to
determine the fraction of vehicles which
must be equipped to make the traffic probe
concept viable.

Test 6 Test the value and technologies of on-board
traffic signing by equipping electronic
roadsigns and a fleet of vehicles able to
receive their transmissions. This would be
compared with aternatives such as an on-
board sign database and direct reading, and
on-board storage of sign information using
image-processing technology.

Test 7 Test alternative vehicleto-infrastructure
communications architectures. Alternatives
include digital cellular telephone, specialized
mobile radio, FM-subcarrier (e.g., RDS),
local arearadio and wide-area radio with
dedicated frequency authorization, and ultra-
short range rf or infrared electronic
signposts.  This could include joint
participation by the Japanese AMTICS team,
the British AUTO-GUIDE team, and the
German LISB team.

Test 8 Demonstrate a pilot urban Traffic Man-
agement Center which has information and
control for an entire metropolitan area,
breaking down the politica and institutional
barriers that restrict the cooperation required
to best manage congestion and incident response.

DEPLOYMENT ISSUES

Deployment of ADIS at the Information Stage
depends largely on the value placed on the perceived
benefits by the driving public and commercial

Page 10 Dallas

March 1990

interests, and how this compares with the cost of
providing those benefits. Even at this. stage, some
support infrastructure is required to provide real-time
traffic information to the driver and more
infrastructure is required to take advantage of other
features such as automatic toll debiting and weigh-in-
motion for commercial vehicles. The resources
required to support this infrastructure must somehow
be balanced against the number of users benefiting
from ADIS. Successful deployment will require that
a critical mass of users be attained quickly, or
support for the infrastructure will fade. The most
useful features of this stage require a vehicle
navigation capability. This permits the vehicle to
provide present location, to perform static route
selection and guidance, and to filter the large volume
of rea-time traffic information to provide the driver
only with that information that is relevant to the
current driving situation. This requires that no matter
where the vehicle is located, it must have a map
database covering that area. That

continent-wide map database must be complete,
accurate and up-to-date. Currently, there are at least
two companies in the U.S. developing map databases
for vehicle navigation purposes [24]. There will likely
be more, and database standards dealing with format
and content will be required.

OBSTACLES AND CONSTRAINTS

There are two primary obstacles to rapid deployment
of ADIS at the Information Stage. The first of these
is the often-discussed “chicken-and-egg” dilemma
Why should users buy ADIS equipment for their
vehicles when there is no infrastructure to support it,
and why should the infrastructure be put into place
when there are no vehicles equipped to benefit from
it? One solution to this is to subsidize the early users
as proposed in field Test 3, described in the above
section on Operational Field Tests.

The second obstacle is the wait-and-see attitude
towards ADIS being taken by much of American
industry. The uncertainty about the ultimate direction
of IVHS creates a climate in which the investment to
develop products to implement ADIS has an uncertain
return and is very difficult to justify. A national
consensus on the future of IVHS and ADIS, backed
up with a specific development and implementation
plan, could go a long way towards solving this.
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THE ADVISORY STAGE

The Advisory Stage will supplement the static on-
board information with dynamic traffic information
collected and transmitted by the infrastructure. This
will include traffic link times (the predicted time to
traverse various parts of the road network), incidents,
weather, and other factors affecting traffic flow. This
digital information will be received by the vehicle
automatically and used to compute currently optimum
routes, or filtered for relevance and selected items
presented to the driver. The vehicle will then guide
the driver step-by-step over the optimum route by
providing critical information as needed.

GoALs

During the Advisory Stage of ADIS, the in-vehicle
system will begin to do more than just inform the
driver of conditions; using knowledge from the
infrastructure, it will also begin to advise of the best
course of action. This advice must be credible. It
must be perceived by the individual driver as being
accurate and as providing persona advantage when
followed; otherwise it will be ignored. Accuracy of
both the navigation system and the real-time traffic
information, therefore, becomes critical during this
stage.

Specifically, a magjor goal of the Advisory Stage is to
provide automatic minimum travel-time route
selection and guidance using up-to-the-minute traffic
information. This requires the traffic information
centers to acquire traffic data from a wide variety of
sources and synthesize predicted

driving times for all major links in the road network.
These link times are periodicaly transmitted to the
vehicle where they are used by the route-planner to
select the minimum time route.

Also during this stage, ADIS will provide for on-
board display of road signs. These will include both
permanent and temporary signs for freeway
information, traffic control, and speed limits. The
goa will be to have the sign information available
when the driver needs it, not just when the physical
sign is visible.
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SYSTEM DESCRI PTI ON

A typica ADIS system at the end of the Advisory
Stage will have evolved to include the features listed
in the following table.

Table 4. ADIS Features — End of Advisory Stage

« Globa positioning system receiver for correcting errors in the
dead-reckoning map-matching navigation system;

Digital receiver for traffic information and traffic network
link times;

. Route planning for minimum travel time (and other selectable
criteria) that takes into account current traffic conditions and
traffic network link times;

« Color video display for maps, traffic information, route
guidance, and in-vehicle display of road signs,

«  Synthesized voice for traffic information and route guidance;

« Map database includmg nomina link times for the traffic
network, turn restrictions, freeway signs, and general traffic
signs;

. Business directory and travel information databases integrated
with map database;

. Electronic vehicle identification for TOLL debiting;
. Digital cellular telephone;

. Semi-automatic MAYDAY using the cellular telephone for
emergency assistance.
. __________________________________________________________________]

The infrastructure required to support these vehicles
is listed in the table below.

Table 5. Support Infrastructure Required

e  Traffic Information Center to collect, format, and transmit
traffic information and current traffic network link times;

Network of traffic information transmitters;

. Organization to prepare and distribute map, business
directory, and travel information databases, including
nominal link times for traffic network;

. Agencies to inspect and certify accuracy and currency of
databases used for route guidance and in-vehicle signing;

. Toll stations equipped to read vehicle ID.

ALTERNATIVE CONFIGURATIONS

Additional approaches exist for minimum-time route
selection and guidance. The system shown in Tables
A3 and A4 assume that minimum-time route selection
is done on-board the vehicle using current link-time
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information supplied by the Traffic Information
Center. An aternative is to have route selection done
on-board using static information with the TIC
transmitting real-time alternate route information
which the on-board ADIS automatically incorporates
when approaching areas of congestion.

Alternatives exist for the occasional recalibration
required by any dead-reckoning navigation system.
The use of GPS periodically to obtain an absolute
position fix seems to be a reasonable approach,
provided the cost of the GPS receiver is low enough.
Other possible approaches include LORAN,
triangulation on the traffic information (or other)
transmitters, and strategically placed very short-range
electronic sign posts.

Traffic sign information could be carried in an on-
board database updated by the traffic information
transmitters as assumed above, or the information
could be communicated directly to the vehicle from
the signs themselves. This could be done in a passive
mode (optical reading of sign text by the vehicle) or
in a cooperative mode (magnetic coding, short-range
transmitters on the signs, etc.).

Alternatives for the other features remain much as
they were during the Information Stage.

POTENTI AL BENEFI TS

At this point, the first stage of infrastructure to
support ADIS will have begun to mature and the
market penetration of ADIS features into the vehicle
fleet will be large enough (5-10 percent) to begin to
show results. During the Advisory Stage, congestion
peaks will reduce as traffic gradually spreads out in
time and space. More equal utilization of the road
network in urban areas will have begun. The
consequent benefits of fewer accidents, less fuel
consumption, and improved air quality will become
measurable. Commercial fleets using ADIS will
realize noticeable savings in fuel and improved on-
time delivery. Stress on individual drivers will be
less, not only because of less congestion and reduced
travel time, but also because of reduced uncertainty
in travel time.

| NTERFACES W TH OTHER ELEMENTS OF | VHS

Interfaces during the Advisory Stage continue to be
primarily with the Advanced Vehicle Control (AVC)
sector, the Commercial Vehicle Operations (CVO)
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sector,and the Advanced Traffic Management
(ATM) sector.

Any attempt at minimum-time route selection in a
congested urban area absolutely requires the
collection of traffic data and the timely dissemination
of predicted network link times. This requires a
significant investment in equipment and operations for
the Traffic Information Center and the traffic
transmitter network. Without that investment, the
benefits cannot be realized. Some of the alternative
approaches to in-vehicle signing will require
investment in infrastructure by the ATM sector. This
may be as simple as patterns of magnetic nails
imbedded in the roadway to convey sign information,
or as complex as signs which transmit their messages
using short-range rf or infrared signals.

RESEARCH AND DEVELOPMENT REQUI RED

Much of the systems analysis and human factors
research described for the ADIS Information Stage
should continue during the Advisory Stage with the
emphasis gradually swinging more towards dealing
with rapidly changing dynamic information and with
decision making.

Systems Analysis

Systems analysis should address traffic data acqui-
sition, data fusion, and

traffic network balancing issues. Specific projects
should be carried out in

the following areas:
® Traffic datafusion for link time prediction;
® Development of link-time database and statistics;

® Development of origin-destination statistics for
traffic management purposes,

® Congestion leveling strategies that can be
achieved by modulating predicted link-times;

® Communications architecture and technology to
support additional features of the Advisory
Stage;

® Analysis of productivity and travel time savings,

® |nformation exchange between commercial fleets
and traffic information center;
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® Content and information priorities for in-vehicle
signing;

® Tradeoffs between passive and cooperative
approaches to in-vehicle signing;

® FEfficient algorithms for rerouting vehicles when
traffic link-times are continually changing;

® Concepts for increasing the availability of real-
time traffic information and link-times to other
potential users (people at home who may defer
travel, public transit, etc.).

Human Factors Research

Many of the human factors research topics described
for the Information Stage would continue during the
Advisory Stage. Additiona studies should include:

e Driver Interface

Communication of in-vehicle sign infor-
mation

Communication of route guidance in-
structions

Potential of head-up displays

Treatment of recurrent congestion infor-
mation

Use of m-vehicle signing to increase the
safety and mobility of special groups

e Behavioral Issues
What types of routes do drivers prefer?

Do drivers prefer complete routing or only
routing around congested areas?

What is the time-savings threshold for
rerouting?

What types of aternate routes will drivers
accept?

OPERATI ONAL FI ELD TESTS

The operational field tests during the Advisory Stage
should build on those conducted during the
Information Stage. The infrastructure already
developed should evolve in concert with the devel-
opment of new features for vehicles to make use of
it. Testsduring this stage should include:
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Test 9 Extension of Information Stage Systems to
the 50 largest metropolitan areas in North
America

Test 10 Extension of Information Stage Systems to
include real-time traffic network link times
computed and transmitted to vehicles
equipped for minimum-time route selection
and guidance.

Test 11 Large-scale test of traffic-probe concept in
which vehicles travelling through the traffic
network communicate the link-times they
experience to the traffic information center
for use in its data fusion calculations. This
test should make heavy use of commercial
delivery vehicles and public service vehicles.

Test 12 Test comparing the long-term utility and
performance of several hundred ADIS
equipped vehicles with and without GPS
correction for dead-reckoning navigation
systems.

Test 13 Test comparing various passive and coop-
erative approaches to in-vehicle signing with
respect to cost, performance, durability, and
benefits.

Test 14 Extend Test 10 to include cooperative route
selection and traffic control management in
the Santa Monica Smart Corridor, Chicago,
Washington D.C., and western Long Island.

Test 1.5 Test integration of public ADIS with special
commercial  functionality  packages,
developing the interfaces required to support
public and private communications,
database, and other interrelated issues.

DEPLOYMENT | SSUES

Deployment of ADIS at the Advisory Stage requires
little additional eguipment on-board the vehicle. The
only major new piece of hardware is the GPS

receiver for absolute position fixes for occasiona
correction of the dead-reckoning navigation system,
and possibly a device for “reading” cooperative road
signs for in-vehicle signing. The bulk of the
additional features are implemented in software.

The role of the infrastructure greatly increases in this
stage, however. The Traffic Information Centers
must develop networks of sensors, communications
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channels, and information sources to acquire traffic
data for an entire metropolitan area. Data fusion and
communications software must be developed to digest
al of the data, produce incident notices and link-
times, and transmit them to the ADIS-equipped
vehicles in the network. In addition, the infrastructure
must determine which traffic signs are to be available
for in-vehicle signing and implement the passive or
cooperative technology.

The use of GPS implies that the global positioning
satellite network will be in place with 24-hour
coverage of North Anerica by thisstage [25].
Current launch schedules make this likely.

With the volume of information being transmitted to
the vehicles in the Advisory Stage, RDS-like systems
become impractical. The most promising
communications channel is UHF-FM radio. This will
require the assignment of a set of frequencies for this
purpose — certainly within North America and
preferably world-wide.

Obstacles and Constraints

Assuming the obstacles discussed for the Information
Stage have been overcome by this time, the major
obstacles for this stage will be obtaining the necessary
radio communications channels and obtaining the
capital investment required for the Traffic
Information Centers.

The technical problems associated with developing
ADIS, while formidable, will continue to be im-
plementation problems rather than lack of the basic
technology. Developing reliable on-board ADIS
features that can be sold to individuals at an attractive
price will remain an engineering challenge. The
continuing increase in the capability of electronics
and its declining cost will, however, serve us well.

THE COORDINATION STAGE

The Coordination Stage will have been reached when
the vehicles and the infrastructure automatically
exchange information to optimize the flow and safety
of traffic over the entire network. Vehicles will
continually report on traffic conditions encountered.
The infrastructure will combine this information with
all its other sources of information using predictive
data-fusion models to provide coordinated routing and
traffic signal control. Individua vehicles requiring
emergency assistance can summon the reguired
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I nformati on Systens

service (police, medical, mechanical, etc.) which will
be automatically routed to the scene.

GOALS

During the Coordination Stage, we should expect to
realize the full benefits possible from ADIS. The
Traffic Information Center of the previous stages will
evolve into a true Traffic Management Center (TMC)
with responsibility for optimizing traffic flow
throughout the network. Vehicles will serve as traffic
probes by automatically reporting to the TMC on
traffic conditions and link times they encounter as
they travel through the network. Minimum-time route
selection by individual vehicles, using information
supplied by the TMC, will account not only for
current traffic conditions but also predicted traffic
conditions and the routes of other vehicles in the
network. Traffic controls will be coordinated with
vehicle routing to ensure the maximum effective
capacity of the traffic network.

At this stage the vehicle equipment and the infra-
structure should support (without significant addi-
tional eguipment) an automatic MAYDAY feature.
This feature will provide the capability to summon
emergency assistance and provide vehicle location
when initiated by the driver, or automatically, in case
of accident.

SYSTEM DESCRI PTI ON

A typical ADIS system at the end of the Coordination
Stage will have evolved to include the features listed
in the table below.

Table 6. ADIS Features — End of Coordination
Stage
|

®  Globa positioning system receiver for correcting errors in the
dead-reckoning map-matching navigation system;

® Digitd transceiver for receiving traffic informationand traffic
network link times, and for transmitting information on local
traffic conditions to the traffic management center;

®  Coordinated route planning for minimum travel time (and
other selectable criteria) that takes into account current and
predicted traffic conditions, current and predicted traffic
network link times, and the actions of other vehicles in the
network;

® Color video display for maps, traffic information, route
guidance, and in-vehicle display of road signs;

®  Synthesized voice for traffic information and route guidance;
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Map database including nominal link times for the traffic
network, turn restrictions, freeway signs, and general traffic
signs;

Businessdirectory and travel information databases integrated
with map database;

Electronic vehicle identification for toll debiting;

Digital cellular telephone;

Automatic MAYDAY, vehicle location, and coordinated
dispatch of emergency services using the traffic information
transceiver.

The infrastructure required to support these vehicles
is listed in the table below.

Table 7. Support Infrastructure Required

®  Traffic Information Center to collect, format, and transmit
trafftc information and current traffic network link times;

®  Traffic Management Center to coordinate traffic controls
(signa timing and split, ramp metering, etc.) with known
movement of vehicle traffic

®  Emergency service centers for coordinated management of
emergency service vehicles;

¢  Network of traffic information transceivers,

®  Organization to prepare and distribute map, business
directory, and travel information databases, including
nominal link times for traffic network;

®  Agencies to inspect and certify accuracy and currency of
databases used for route guidance;

® Toll stations equipped to read vehicle ID.

Alternative Configurations

Coordinated route planning can be accomplished in a
number of ways. The system description shown in
Tables A5 and A6 assumes the route computation is
done on-board the vehicle using information about
traffic conditions and statistical measures representing
the movement of other traffic. It may be possible to
perform route selection at the TMC and transmit
routes to individual vehicles or groups of vehicles.
This could be done on a waypoint basis where an
optimal route is provided from the waypoint being
passed to the next waypoint in the direction of the
intended destination. This is essentially the method
used by AUTOGUIDE.

The automatic MAYDAY feature is shown using the
traffic information transceiver to transmit the
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emergency service request and vehicle location
information. It may be preferable to use automatic
dialing on a cellular telephone directly to the service
equipped to deal with the digital message.

POTENTI AL BENEFI TS

During the Coordination Stage, we should realize the
full benefits of ADIS. The effective capacity of the
traffic network will be greatly increased as traffic is
spread over the entire network, flowing in complete
coordination with traffic controls. Individual trip
times will be low and predictable. Effective fuel
economy of the urban fleet will be maximized and air
quality will be further improved.

The eimination of congestion “hot spots,” combined
with the coordinated flow of traffic, will lead to
fewer accidents. In turn, fewer accidents will lead to
further reductions in congestion and so on.
Emergency vehicles will be dispatched over “green”
routes with automatic coordination of intersecting
traffic. Motorists in any kind of difficulty will be able
to summon emergency assistance directly to their
location, thus saving lives and providing for rapid
clearance of incidents.

I NTERFACES W TH OTHER ELEMENTS OF | VHS

In achieving the Coordination Stage of ADIS, the
ADIS sector and the Advanced Traffic Management
sector must achieve a high degree of inter-
communication and agreed alocation of tasks. This
is, of course, necessary in the planning phase, but it
will remain so during the operations phase. The
traffic management centers, the traffic network, and
the vehicles operating over it will become individual
elements of a single intelligent system. IVHS will be
a reality.

RESEARCH AND DEVELOPMENT REQUI RED

The Coordination Stage of ADIS requires additional
systems analysis in the following areas:

e Allocation of coordinated vehicle routing tasks
between individual vehicles and the Traffic
Management Center;

e Development of models, simulations, and
algorithms to support coordinated routing and
traffic control;
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® Vehicle routing algorithms to provide near-
minimum travel time to al vehicles in the
network;

& Relationship between the proportion of fleet
equipped with Coordination Stage ADIS and the
level of efficiency achievable by the traffic
network;

® [usion of traffic probe reports, origin-destination
data, and other traffic information to manage the
complete urban traffic network;

®  Ppotential for using the real-time traffic, origin-
destination, and routing information of the
Traffic Management Center for planning and
managing a multi-modal urban transportation
system;

® optimal architecture and protocols for two-way
communications between vehicles and the Traffic
Management Center;

® Potential benefits of having vehicles communi-
cate directly with each other and evauation of
alternative architectures to do so.

OPERATI ONAL FI ELD TESTS

Operational field tests for this last stage of ADI S
should be directed at bringing about the full-scale
implementation of those ADIS features shown in
earlier stages to have cost effective benefits. The
need for additional field tests may develop to explore
the potential of newly developed technologies and
concepts, but we will leave their definition to the future.

DEPLOYMENT | SSUES

The Coordination Stage of ADIS assumes that
individual vehicles become part of the traffic in-
formation network. As they move through the
network they transmit to the Traffic Management
Center data on the traffic conditions they encounter.
This requires cooperation from the driving public,
first in purchasing (or leasing, etc.) the necessary
equipment for their vehicles, and second in alowing
information on their travel to be transmitted to the
Traffic Management Center. Idedly, this information
would include origin, destination, and route, as well
as link-times experienced during the trip. It may be
difficult to convince vehicle owners to make the
required investment and equally difficult to convince
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drivers that the data analysis can be done in a way
that does not invade their rights to privacy.

When fully implemented, the ADIS Coordination
Stage will entaill massive communication between
Traffic Management Centers and the vehicles in the
network. This can mean communicating with, and, in
at least a statistical sense, tracking tens of thousands
of vehicles in an urban area. This will require a
significant investment in communications systems,
data processing equipment, software, and radio
channels.

To support the automatic MAYDAY feature, either
the Traffic Management Centers must become
involved in emergency calls as dispatch centers, or
the emergency services must each make an
investment in the equipment to receive the digital
message and location information from the vehicles
in distress. This is true whether the digital
communications takes place over the traffic message
channels or over the cellular telephone network.

OBSTACLES AND CONSTRAI NTS

Coordinated traffic management, including route
planning and traffic control, for a major urban area
will require traffic assignment and control models
that ssimply do not exist at this time — particularly
since they must run faster than rea time. Combine
this with the challenges of fusing traffic data from a
large number of disparate sources, and providing for
priority routing of emergency vehicles and the
problem becomes a formidable one. Its solution will
require a large investment in the development and
operation of Traffic Management Centers, but one
that must be made to maintain the viability of our
urban areas.

It will be difficult to obtain the rf frequency spectrum
required to support the Coordination Stage of ADIS.
It may be necessary to use advanced communications
technology such as spread-spectrum [26] with its
additional complexity and cost. Alternatively, it may
be necessary to move towards localized
communications between vehicles and electronic sign
posts using rf or infrared. Again, this solution would
increase  the complexity and cost of the
communications system, since hundreds or thousands
of such sign posts would be necessary to cover a city
adequately.
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Perhaps the most difficult obstacle to reaching this
stage of ADIS Will be convincing individual drivers
that it is in their own interest to make an investment
in ADIS communications equipment for their
vehicles, and to be comfortable with the continual
exchange of information between their vehicles and
Traffic Management Centers.

STANDARDS

Since motor vehicles are by their very nature able to
move from place to place, it is essential that there be
North American-wide, perhaps world-wide, standards
for ADIS. These standards should cover the interface
between the system in an individua vehicle and the
infrastructure which must support it. These should
include communications standards, data collection
standards, functionality standards, database standards,
and human factors standards as listed below.

ADIS Standards
Type Standard Time Frame
Communications
Hardware/Transmission 1994-1998
Protocols 1990-1992

Message Format and Content 1992-1993

Sign Data 1990-1999
Position/Legality 1990-1999
Controls 1990-1999
Command Vocabulary 1990-1999
Handicap 1990-1999

Further breakouts of the above activities, showing
objectives, description, and scope of each activity,
are listed below.

Activity:

IVHS Standards Steering Committee and
Secretariat

Objective:

Coordinate and monitor all IVHS Standard
committees

Description/Scope:

Establish individual committees

Approve draft standards

Interface with Europe and Japan

Coordinate with NHTSA re regulatory process
Start date: 1990

Data_ Collection Duration:  Ongoing
Traffic Data 1992-1994 _—
Communications
Business Services 1996-1998 o
Activity:
Data Base Updates 1994-1996 1. Protocols — Digital Communications
Functionality Standard 1990-1992
Certification 1990-1999 2. Message Format and Content 1992-1994
Maintenance/Repair 1990-1999 3. Hardware/Transmission 1994-1998
Handicap 1990-1999 Objectives:
Database 1. Determine protocol with all possible
Interface Standards 1990-1992 communications
Requirements for Data Contents 1992-1994 National Communication Standard tech-
- nology/medium, namely: rf, infrared,
Data Description Rules 1992-1994 satellite, microwave, etc,
Accuracy Standards 1994-1998 2. Support each of the elements in the Interface
Human Factors Database Standard
Information Priorities 1990-1999
Mobility 2000 Dallas — March 1990 Page 17
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3. Take results of experiments and apply to
each situation, i.e, urban, rura communi-
cations specifications

Description and Scope:
See objectives
Start:
See above
Duration:
See above
Data Collection
Activity:
1. Traffic Data Standards. ATMS1992-1994
2. Database update 1994-1996
3. Business Services Status Stds. 1996-1998
(parking, theater, tickets, hotels, etc.)
Objectives:

Define the standards for each area by the
appropriate time

Description and Scope:

To support all communication services which
will exist

Start Date:
See above
Duration:
See above
Functionality
Activity:

Certification standards with regard to ADIS level
12,3

Maintenance/Repair standards

Handicapped standards
Objectives:

Develop standards

Description and Scope:

Page 18 Dallas — March 1990

Define minimum acceptable level for ADIS
Leve I, II, and Il Systems

Start Date:

1990
Duration:

10 years
| DataBase — Vehicle DataBase (A)
Activity:

Interface changeability standards
Objectives:

Research and develop all data fields for next 20
years

Identify how and when likely to be used and
establish timeframes

Description and Scope:

All type vehicles; Commercial, Public, and
Private (Military)

Research literature for all functions in vehicle

Conceptualize future plans with industry and
academia

Establish workshop
Start Date:

1990
Duration:

24 months
DataBase — Vehicle DataBase (B)
Activity:

Define content requirements
Objectives:

Content Standards of each field
Description and Scope:

Develop requirements to satisfy minimum
standards

Start Date:
1992

Mobility 2000
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Duration:

24 months
DataBase — Vehicle DataBase (C)
Activity:

Data description and rules
Objectives:

Identify uniform methods of encoding data
Description and Scope:

Identify field length

Data element code

Geographic position description

Compilation of Data Element Dictionary
Start Date:

1992
| DataBase — Vehicle DataBase (D)
Activity:

Accuracy and completeness specification
Objectives:

Define levels of qudity
Description and Scope

Level 1 standard -1 - 1994-1995

Level 2 standard - A - 1995-1996

Level 3 standard - C- 1997-1998
Start Date:

See above
Duration:

See above
Human Factors

Human factors steering committee
Activity:

Information priorities

Sign content

Position/legibility  independent

Controls subcommittees
Command vocabulary
Handicapped

Start Date:
Now

Duration:

Continuous (10 years)

Mobility 2000 Dallas — March 1990
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Table 8: Advanced Driver Information Systems Milestones

INFORMATION STAGE

ADVISORY STAGE

COORDINATION STAGE

19 | 90 19| 95 20 | 00 20 | 05 2010
R&D
System Analysis XXXXXXXXX XXX | XXXXXXXX XXX | XXXXXXXXXXX
Human Factors XXXXXXXXXXXX XXXXXXXXXXXX
Driver Interface XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXX XXXXXXXXXXXX
Cognitive Analysis XXXXXXXX
Utilization XXXXXXXXX
Field Operational Tests
PATHFINDER XXXXXXX
Real-time ADIS XXXXXXXXXXXXXX
Low-cost ADIS XXXXXXXXXX
In-vehicle Signing XXXXXXXXXX | XXXXXXXXXX
Alternative Communication XXXXXXXXXX XXXXXXXXXX XXXX
Architecture XXXXXXXXXXXX
Experimental ADISin 50 Cities
Large-scale Traffic probes
Cooperative route selection
Deployment XXXXXXX and
100K L.A. Vehicle XXXXX | continuing
Real-time Traffic XXXXXXXX | Xxx and continuing
Information XXXXXXXX | Xxx and continuing
Automatic Tolls Xxxxxx and continuing | xxx and continuing xxx and continuing
OEM Navigation on U.S. XXXXX | xxx and continuing xxx and continuing xxx and continuing

Vehicles

24-hour GPS Availability
RF Spectrum Availability
ADISin 50 cities

Traffic Probes

Traffic Transceiver Network
Cooperative Route Selection

xxxx and continuing
XXXXXXXXX
XXXX

XXXXX

Page 20
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ESTIMATED FUNDING SUMMARY

Table 9 presents a summary of the estimated funding
required to achieve the goals under ADIS. It is
estimated $1.134 bhillion will be required to perform
the research and development and conduct the
operational field trials necessary to ensure the
deployment of ADIS over the next 20 years. This
funding estimate includes both private and public
investment. It should be pointed out that the research
and development required for ADIS should aso serve
a portion of the generic needs of other elements in
the IVHS program. For example, there are human
factors issues concerning controls and displays for
ADIS that are common to Advanced Vehicle Control
Systems (AVCS).

" ‘able 9. Estimated Funding Summary

Research & Operational
Development Trias Tota

Millions of Dollars

Information Stage $ 30 $ 160 $ 190
1990 — 1995

Advisory Stage $71 $ 237 $ 308
1995 — 2000

Coordination Stage $119 $511 $ 630
200 — 2010

Totals $220 $908 $1,128
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EXECUTIVE SUMMARY

The reserve capacity of our roadways — particularly
urban and intercity freeways — is quickly being used
up. Adding more lanes to the existing system has
become increasingly expensive, impractical, and
unacceptable both politically and environmentally.
Projected increases in demand will increase conges-
tion dramatically from current levels — a five-fold
increase in delay is predicted over the next two
decades. Over this same period, the number of
crashes, injuries, and fatalities will increase by
60 percent unless measures are taken to decrease the
accident rate. The application of advanced technolo-
gy to motor vehicles and highways provides the
opportunity to significantly enhance highway safety
and improve vehicle throughput.

Advanced Vehicle Control Systems (AVCS) are
vehicle- and/or roadway-based electro-mechanical and
communications devices that enhance the control of
vehicles by facilitating and augmenting driver perfor-
mance and, ultimately, relieving the driver of most
tasks on designated, instrumented roadways. Auto-
mated roadways will require both vehicle and high-
way-based equipment and will utilize vehicle-to-
vehicle and roadway-to-vehicle communication
systems developed in other Intelligent Vehicle High-
way System (IVHS) initiatives such as Advanced
Driver Information Systems (ADIS) and Advanced
Traffic Management Systems (ATMS). AVCS holds
the promise of greatly increasing highway vehicle
throughput, speed and safety without mgjor construc-
tion of new lanes.

Roadway electrification is a related R&D initiative
that is included in AVCS. Roadway electrification,
or other clean vehicle propulsion systems, will be
essential to ensuring that the increase in vehicle
throughput will not be accompanied by an increase in
pollution.

An intensive, systematic, multi-year program of
research, development, and evaluation is required to
bring the AVCS concept to fruition. A large number
of alternative approaches will undergo system devel-
opment and evaluation in the coming years and
decades. Four critical reguirements of AVCS system
development are:

Mobility 2000 Dallas

® Early identification and analysis of targets of
opportunity to enable the establishment of system
functional goals.

® A full accounting of the role of humans in the
system; specifically of the “human operating
characteristics’ likely to affect system effective-
ness.

® Rigorous evaluation at several key stages of
system development to assess AVCS perfor-
mance, reliability, benefits, and disbenefits.

® Coordinated government-industry effort with
clearly established organizational roles within
each system development effort (although the
roles may vary across different AVCS develop-
ments .

Two R&D tools critical to the AVCS initiative are a
research driving simulator and a dedicated AVCS
roadway test facility. The application of simulation
technology will permit highly controlled and safe
evaluation of AVCS concepts and configurations
focusing on driver performance in specific traffic or
potential accident situations under baseline and AVCS
conditions.  The dedicated AVCS roadway test
facility will alow test/evaluation of prototype systems
before pilot testing on roadways open to the public.

Program Plan

Three levels of AVCS research, development, opera-
tional test, and deployment are envisioned:

e AVCSH (Individual vehicle Control/Autonomous
Driver-Vehicle Systems) includes only systems
that are vehicle-based; i.e.,, that do not require
the existence of roadway or roadside equipment.

AVCS-| perceptual enhancement, warning, and
collision avoidance systems will help drivers
better sense impending danger, sense lapses in
their judgment or skills, and eventually even
compensate for some of their errors. The princi-
pal benefit of

AVCS-1 will be enhanced safety.

e AVCSIl (Cooperative Driver-Vehicle-Highway
Systems) begins implementation of a driver-
vehicle-highway system whereby vehicle latera
and longitudinal position is controlled when
suitably equipped vehicles are operated on dedi-
cated instrumented lanes. Vehicles would enter
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and exit such lanes voluntarily and under manual
control, but would be under full or partial system
control while in the lanes. AVCS-II involves
modifications to both vehicles and highways and
roadway-to-vehicle and vehicle-to-vehicle com-
munication systems. Platooning isthe principal
focus of current AVCS-II system development.
In platooning, vehicles are electronically linked
into “platoons” on one lane of a freeway.
Platooning offers the primary benefit of a sever-
al-fold increase in lane capacity and the second-
ary benefit of enhanced safety.

e AVCS-1II(AutomatedV ehicle-Highway Systems)

represents the culmination of the AVCS initiative
— complete automation of the driving function
for suitably equipped vehicles operating on
specialy-equipped urban and intercity freeway
facilities. It provides “automatic chauffeuring”
of vehicles from arrival at the freeway on-ramp
to departure from the freeway off-ramp. The
benefits of AVCS-III will be the dramatic
increase in freeway throughput and the enhanced
safety associated with the elimination of the
human factor in vehicle control.

Figure 1 provides an overview of AVCS research,
development, and deployment over the coming
decades. Note the considerable overlap among the
AVCS-, AVCSHI, and the AVCSHII initiatives.

Figure 1. Mobility 2000 — AVCS Program Plan
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AVCS is the most complicated and far-reaching of
the IVHS technologies. As such, it requires the
largest investment over the longest period of time to
reach fruition. The estimated cost (public plus
private) of AVCS research, development, and field
operational testing is $2.5 Billion. In addition, it is
estimated that an additional one-fourth to one-half
billion dollars will be required to construct and
operate the needed specialized facilities to support
AVCS development and evaluation over the next two
decades.

Figure 2 illustrates projected expenditures on AVCS-
I, -1I, and -III over the next two decades. The total
expenditures will represent approximately 12 thou-
sand person-years of R&D and field operational
testing — an average of 600 person-years per year
over the next 20 years.

Successful implementation of AVCS will require a
national organization to steer AVCS development and
implementation, and international cooperation —
particularly in the areas of operational field studies
and system architecture standards. It will require the
development of technology transfer protocols that
protect patent rights while supporting collaborative
technology development efforts within the U.S. and
internationally. Financial incentives for private sector
investment in AVCS and other IVHS technologies
will have to be increased. Along with an increase in
incentives, there must be a decrease in the tort
liability risk of AVCS developers, both public and
private. While AVCS will greatly decrease accidents
overall, it is inevitable that some accidents will occur.
The harm suffered by a few cannot be allowed to
prevent the benefits from being gained by the great
majority.

Public acceptance of AVCS will also be a principal
concern. The costs of AVCS technology must be
allocated in an equitable manner. Public education
and marketing efforts must be undertaken to ensure
that AVCS technology is not perceived as a threat to
contemporary lifestyles, privacy, individual auton-
omy, or safety.

Some political opposition to AVCS should be antici-
pated. For example, highway builders and their
suppliers may oppose the automation concept since
there will be a deemphasis of *‘mew concrete’
construction. Organizational interests and concerns
need to be addressed proactively to ensure that AVCS

Mobility 2000

implementation is not unfairly damaging to any
group, but that the development of AVCS concepts is
not defeated by special interests to the detriment of
the general public.

Figures 2A & 2B Total Program Summary
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Conclusions and Recommendations

AVCS technology has the potential to dramatically
decrease traffic crashes and congestion, particularly
on urban and intercity freeways. Achievement of
these goals will require scientific, engineering,
institutional, and socio-political initiatives that will be
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great in magnitude and scope, but small compared to
the benefits.

The following recommended actions will ensure the
full realization of AVCS benefits:

e Create a national organizational structure to
oversee and coordinate public-private partner-
ships for AVCS research development, opera-
tional test, and deployment. An integra part of
this partnership is the ability to pool funds.

e Provide sustained funding at levels sufficient to
support a comprehensive, multi-faceted AVCS
program. Criticall R&D requirements include:

Definition of the ultimate AV CS architecture

as soon as possible so that near-term systems
will be upwardly compatible.

Development of system reliability and fault
tolerance technologies and standards to
ensure fail-safe systems.

Development of analysis tools such as driv-
ing simulators and AVCS test facilities.

Analysis of the human factors of driver-
vehicle-highway interaction under baseline
and AVCS conditions.

e Obtain legislation or implement policy to in-
crease financia incentives and reduce liability
risks for AVCS developers.

1.0 INTRODUCTION

1.1 THE PROMISE OF INTELLIGENT VEHICLE
H1GHwAY SysTEmMs (IVHS)

The level of service on the principal road systems
within most magor U.S. cities has dropped to the
lowest level on the scale for much of the day. With
reserve capacity quickly being used up, additional
demand will increase congestion dramaticaly even
from current levels — a fivefold increase in delay is
projected over the next two decades. Over this same
time period, the number of crashes, fatalities, and
injuries can be expected to increase 60 percent
assuming that the current fatality risk per vehicle mile
is expanded proportionate with the Federal Highway
Administration (FHWA) medium estimate of VMT
growth. Similar conditions existed after World War
Il when demand on the system took a quantum jump,
and the highways simply did not have the capacity.

Page 4 Dallas
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What was needed then, and what is needed again, is
a way to substantialy increase the capacity and safety
(since much of the delay is due to accidents) of the
system. Doubling of the lane capacity and reducing
the accident rate by 60 percent was accomplished in
the 1950's and 60's by grade separating the intersec-
tions and by controlling access. The freeway was a
marvelous improvement in level of service and
safety. It greatly increased the competitive position
of the U.S. private sector. It dramaticaly improved
people’'s mobility and quality of life.

Figure |- Freeway Construction in Cdifornia
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However, as the freeway system matured, problems
began to appear with over demand, congestion,
accidents, air quality deterioration, and foreign
energy dependency. Freeway development followed
the classic industrial decay curve cycle. Every new
system must be augmented by, or replaced by, new
systems to keep up with changing demands. As an
example, the freeway development process in Califor-
nia peaked in the early 1960's (see Figure I-I). This
would have been the logical time to start the develop-
ment of automated vehicle features, thus continuing
the improvement in system efficiency to match the
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increase in demand. Instead, we have waited until
the early 1990's, resulting in two decades of worsen-
ing conditions on our systems.

Development of the next generation system holds the
same or even more promise as its predecessor, the
freeway. A doubling or tripling of lane capacity and
a dramatic increase in safety is well within reach of
the technology.

IVHS technologies - Advanced Driver Information
Systems (ADIS), Advanced Traffic Management
Systems (ATMS), and Advanced Vehicle Control
Systems (AVCS) - can be deployed, in combination,
within the same time frames and at no greater cost
than the freeway. The 10-year development phase
and 20-year deployment phase indicated for IVHS
matches the 30-year freeway development phase
(1955-1985).

IVHS can realize dramatic improvement in the
productivity of private and public transportation and
goods movement. It will improve efficiency on
freeways, city streets, and in parking structures. The
technology is robust and flexible, alowing capacity
to match varying demand characteristics and land use
patterns.

IVHS offers the only hope of realy solving trans-
portation problems instead of merely managing
worsening conditions over time. What is called for
is no more than what transportation professionals
have aready done twice in this century with paved
roads and freeways — a magjor technological advance.

1.2 DEFI NI TI ON

Advanced vehicle control systems include individual
vehicle controls, cooperative driver-vehicle-highway
systems, and eventualy full automation on certain
roadways. Such systems are possible today because
of the tremendous advancements that have been made
in vehicle and roadway sensors, servo systems, image
processors, computers, and communication systems.
While the other components of IVHS make driving
more efficient by providing the driver with better
information about the macro-level conditions that
affect his decision-making, the AVCS can provide
information about highly localized and rapidly chang-
ing conditions in his or her immediate vicinity and
can initiate actions based on those conditions.
AVCS, therefore, can have more significant impacts
on the productivity (capacity, speed) and safety of
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road travel. AVC systems can enable drivers to
operate their vehicles closer together while main-
taining a higher level of safety than at present, by en-
hancing drivers ability to detect and avoid hazards
and eventualy by assuming responsibility for con-
trolling the speed, steering, and braking of the
vehicles. By compensating for the limitations of the
human driver, AVCS makes it possible to achieve
step function increases in road capacity and safety
rather than just offering incremental percentage
improvements.

1. 3 BACKGROUND

Research on the technologies associated with automat-
ing highway operations started more than 30 years
ago. These were mostly small private sector efforts.
The support from the government for these efforts
was late in coming and contained only token funds.
Despite the great promise shown by these efforts, the
transportation community was busy building highways
and did not take the initiative to establish the well-
funded, focused effort needed to advance the technol-
ogies to the stage where they could begin the long
deployment process. The addition of new highway
lanes has now become less practical. This, coupled
with the availability of new electronic and communi-
cations technologies, has made high technology
solutions more feasible and politically, economically,
and environmentally attractive. Highway transporta-
tion research and development efforts are being refo-
cused toward AVCS and other IVHS approaches to
relieve congestion and improve safety.

1.4 scoPe

Advanced vehicle control systems are one of the four
major components of the IVHS program that were
described by the Mobility 2000 group in San Anto-
nio, February 1989. The other components are Ad-
vanced Traffic Management Systems, Advanced
Driver Information Systems, and Commercial Vehicle
Operations. The last category is not independent of
the other components, but rather was created to
signify that the needs of commercial vehicles are
different in many cases from those of personal
vehicles. AVCS will build upon the technologies
developed and deployed during the other facets of the
overall IVHS program to solve the nation’s safety and
congestion problems.
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The technologies involved in advanced vehicle control
systems are very extensive, but for the purposes of
this report are generaly limited to:

® Driver warning, vision enhancement, and assis-
tance systems

® Automatic steering control or automatic headway
control — platooning

® Obstacle avoidance or automatic braking

® Automatic trip routing and scheduling

® Control merging of streams of traffic

® Transitioning to and from automatic control

AVCS technology is broad-based, requires a multi-
modal approach, extends to both rural and urban
needs, and involves the movement of both people and
goods. The architecture of AVCS must also be
flexible enough to accept higher levels of technology
as they are produced.

1.5 GOALS AND OBJECTIVES

AVCS enhances the control of vehicles by facilitating
and augmenting driver performance and, ultimately,
relieving the driver of most tasks.

The major goals of programs to develop and deploy
advanced vehicle control systems are the same as for
the IVHS Program as a whole: congestion relief,
improved safety, increased speed and trip-time
reliability, travel convenience, and industrial com-
petitiveness. AVCS differs from other IVHS work in
that it goes beyond the efficient management of the
existing limited system and has the potential to
provide quantum improvements in throughput and
safety.

More specificaly, the AVCS program has set the
following goals:

. Long-term Goals:
. Solve the urban congestion problem

. Develop an accident free ground transpor-
tation system

. Reduce the negative environmental impacts
of the transportation system levels.

. Regain energy independence in the Unit-
ed states.
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e |0-year Goals:

o Deploy AVCS arterial systems and vehicle
products which demonstrate the capability
for 50 percent reduction in accident rates
when used nation-wide.

o Deploy freeway-based AVCS system which
at least doubles lane capacity.

o Design and demonstrate features of an
AVCS-based, higher speed or higher pro-
ductivity Post-Interstate Freeway Network.

o Deploy freeway-based AVCS system with
new features of moda and technology inte-
gration — e.g., roadway electrification; new
transit operations; remote or automated
parking; and goods movement.

1.6 REPORT OVERVIEW

This report is divided into five sections including this
introductory section.  Section 2 reviews critical
AVCS program planning and system development
considerations. The third section presents the pro-
gram plan for the development and implementation of
AVCS and brief scenarios illustrating the use of
AVCS in the near, mid and long term highlighting in
a qualitative sense the benefits to be expected from
the implementation of such systems. It includes a
schedule for the research, demonstration, and deploy-
ment of each of the components of advanced vehicle
control systems. The fourth section describes the
implementation issues associated with organization
and funding of the program. Also addressed in
Section 4 are institutional issues associated with the
development of advanced vehicle control systems.
Section 5 presents conclusions and recommendations
resulting from the overall study of the AVCS technol-

ogy.

2.0 PROGRAM PLANNING AND DEVELOP-
MENT CONSIDERATIONS

2.1 | NTrRobucTi o AND OVERVI EW

An intensive, systematic, multi-year program of
research, development, demonstration, and evaluation
is required to reach the goal of improving highway
safety and reducing congestion through the applica-
tion of AVCS concepts. It is envisioned that a large
number of individual AVCS technologies will under-
go system development in the coming years and
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decades. Although there will be many different
specific initiatives proceeding somewhat independent-
ly, an overall program plan and common system
development protocols are needed to ensure that the
AVCS concept progresses systematically.  This
chapter overviews major AVCS development initia-
tives and discusses critical AVCS planning consider-
ations. It addresses targets of opportunity and risks
to be avoided in AVCS development. Three levels of
AVCS technology are anticipated and planned:

® AVCS-I. Individual Vehicle Control (Autono-
mous Driver-Vehicle Systems)

®  AVCS-II: Cooperative Driver-Vehicle-Highway
Systems

® AVCS-III: Automated Vehicle-Highway Sys-
tems

Figure 2.1 Conceptual Phases in AVCS Development

AVCS DEVELOPMENT

0 2 3
Kientify Targets
of Opporunty: Sat Feasitiity/
« Acxident Anaivais 2 Trace-oft Sludies
of Arsmative
«Congetaon Goals/Requirements
Analysis Seutions/Desgns
|4 5 6
TesvEvauanon
Devaiop Des:;’w Buid « Engineenng
- Device/Sysiem Pe nee
b * Deiver-Venicie-
Hghway Interface
7 8
Limied Producton Full Scale
ard Production [
Opecational and Evalanan
Testing Deployment

This program plan outlines activities and milestones
necessary for systematic research, development,
demonstration, and evaluation of systems and con-
cepts pertaining to AVCS=I, II, and IIl. A concep-
tual development model for AVCS applications,
regardless of technological complexity, is shown in
Figure 2-1. This model identifies nine conceptual
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phases in AVCS development from initial problem
assessment through summative evaluation of system
effectiveness. The system development model serves
as a structure for addressing AVCS planning require-
ments and concerns.

2.2 PLANNING CONSIDERATIONS

The development of an AVC system involves trans-
forming a target of opportunity into a set of require-
ments and then into an actual functioning system.
Since AVC systems involve important human-ma-
chine interactions, the development of system require-
ments and specifications includes an analysis of
human behavioral implications. AVC systems are to
be viewed not merely as vehicle and/or highway
systems, but rather as interventions that will have
important influences on the dynamic performance of
the total driver-vehicle-highway system.

There are a number of important considerations to be
addressed to ensure that the development of an AVC
system will result in a successful application of
technology. Four critical requirements of AVC
system development are:

® Early identification and analysis of targets of
opportunity to enable the establishment of system
functional goals.

® A full accounting of the role of humans in the
system; specifically of the ‘‘human operating
characteristics’ that are likely to impact system
effectiveness.

® Rigorous evaluation at several key stages of
system development to assess AVCS perfor-
mance, reliability, benefits, and disbenefits.

® Coordinated government-industry effort with
clearly established organizational roles within
each system development effort (although the
roles may vary across different AVCS develop-
ments).

These critical considerations in system development,
and recommended approaches to addressing them, are
discussed below.

2.2.1 Identification of Targets of Opportunity and
AVCS Requirements Definition

The initial phases of AVCS development (i.e., blocks
1 & 2 in Figure 2-1) assess the problem at hand and
define the most important elements of the desired
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solution. Targets of opportunity are identified and
system functional goals are set. This involves a
process of prioritizing, whereby safety, congestion,
and/or other problems to be solved (or opportunities
to be exploited) are compared to determine where the
needs, opportunities, and probabilities of success are
likely to be greatest.

Identification of targets of opportunity relating to
AVCS accident countermeasures involves the use of
accident data to characterize relevant accident types
in terms of patterns of occurrence, prevalence, and
severity. Causal and contributory factors associated
with relevant accident types are analyzed and used to
define ways AVCS can reduce crashes and fatalities.
The most important causal or contributory factor in
most crashes is afailure of information processing by
the driver in the seconds preceding the crash. An
understanding of driver information processing in the
context of the interactions of driver, vehicle, and
highway environment permits the setting of functional
goals for the AVCS.

Identification of targets of opportunities relating to
congestion-related AVC systems follows a similar
line of thought and research. Traffic congestion is
analyzed in terms of the types of traffic tie ups that
occur, their relative severity, and their causes and
contributory factors. Problem assessment analyzes
the causal relationships to identify specific targets of
opportunity. For example, studies of platooning as a
congestion countermeasure first assess the problem
size and characteristics of highway congestion due to
vehicle spacing, and then analyze related driver,
vehicle, and highway factors. An understanding of
vehicle spacing parameters and their relation to
highway congestion permits the derivation of desired
vehicle spacing under a platooning system. The
specification of acceptable or desired spacing distanc-
es becomes a platooning system functional require-
ment.

2.2.2 Human Factors |ssues

By definition, AVC systems will change the way that
drivers perform the driving task. AVC systems will
enhance perception, aid working memory, support

driver decision-making, augment responses, or
otherwise change ways that drivers perceive, make
decisions, and respond. If the human factors impacts
of a prospective AVCS are not folly understood and
controlled, the benefits may be nullified or, even
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worse, unacceptable hazards or other negative side-
effects may be crested. For this reason, human
factors considerations permeate the AVCS develop-
ment process.

Driving is a dynamic information processing activity.
In-depth studies of accident causation have found that
driver information processing errors are predominant
as accident causes or contributory factors. Similarly,
urban roadway congestion problems are related to
driver information processing capabilities; for exam-
ple, the capability of drivers to react quickly and
appropriately to potentia hazards. Human informa
tion processing models encompass mental or behav-
ior activities such as sensation or perception, working
memory, decision-making, response execution, and
attention.  Each of these subsystems of information
processing has limitations in terms of speed, quantity
of information, and types of information that can be
handled reliably. And, there are limits on the total
“mental energy” or mental resources available to
support the information processing. Stressing any
one subsystem of human information processing or
the total system beyond its capacity may result in
unreliable human performance.

Successful AVC systems will generaly act by en-
hancing one or more element of human information
processing. For example, lateral object detection
devices (as might be employed to facilitate lane
changing by heavy trucks) have the potential to
enhance perception and decrease the workload on the
driver, thus improving driver performance in general.
However, an undesirable effect may be that the driver
relies too heavily on the AVCS and thus fails to use
side mirrors or other existing visual cues. Occasional
system false positives or fase negatives alter the
driver's decision process in a detrimental way.

Apart from human information processing, there are
a number of human factors issues to be addressed for
each AVCS. These include:

e Driver education or training requirements. What
specific knowledge, skills, and attitudes are
required to operate the device, and do they need
to be trained?

e Public acceptance. Individuals may react nega
tively to AVCS concepts due to perceived incon-
venience, sense of loss of personal freedom,
difficulty of device use, decrease in the enjoy-
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ment of driving, incorrect assessment of risks
(e.g., platooning may be judged by the public as
being unsafe when it may actualy be more safe).
Each AVCS development should address how to
maximize public acceptance through public
education, system design, driver training, or
other means.

e |Impact of the AVCS on important subgroups of
drivers; e.g., Alcohol or drug-impaired

. Elderly drivers

. Physically impaired or handicapped
. Iliterate or low mental ability

«  Anthropometric extremes

. High-risk groups (e.g., young males, long
haul commercia drivers)

e Falure mode human factors — how the human
reacts to system failure (e.g., in the event of
temporary failure of a platooning system, will
drivers revert safely to normal highway spacing).

2.2.3 Evaluation Protocols

Several phases of AVCS development will involve the
application of sophisticated evaluation protocols.
Each AVCS development is likely to involve several
different evaluation methods, with the selection of
methodologies dependent on the phase of system
development, specific evaluation questions to be
answered, and information attainable from different
approaches. Some of the more important of the
evaluation protocols and methods to be employed in
AVCS development include:

® Engineering test and evaluation to determine
device rdiability and performance parameters.

® Human engineering studies on the design of
AVCS human-machine interfaces; includes
evaluation of AVC systems in terms of existing
human factors guidelines and/or new human
factors research specific to AVCS concepts and
individual AVCS devices.

® Driving simulation studies to permit safe and
controlled experimentation, targeted toward a
specific traffic or accident scenario, to determine
the impact of AVC systems on driver behavior
and on crashes and congestion.
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e Instrumented vehicle tests to determine how
AVC systems affect vehicle handling and control
characteristics.

e Field operationa tests before full-scale device
deployment to demonstrate AVCS effectiveness.

e Post-deployment summative evaluations on a
broad scale (e.g., national level) to document
AVCS benefits and/or disbenefits.

The development of each AVCS concept will be
subjected to rigorous evaluation using the above and
other appropriate methodologies. More systematic
research and evaluation protocols will be developed
to apply to AVC systems. The driving simulator is
particularly important as a research and evaluation
tool for AVCS especially with regard to the human
factors and safety aspects. The application of simula-
tion technology to AVCS R&D will provide several
distinct capabilities that cannot be achieved by other
means:

® Highly controlled experimentation on specific
traffic or accident scenarios.

® Economical testing of many different variations
and modifications of AVCS configurations and
characteristics.

® Testing of AVC concepts before the actual
hardware exists.

® Safe laboratory testing of experimental devices
when other evaluation methods would expose
drivers to hazardous conditions.

® Collection of detailed, dynamic data on driver
performance under both baseline and AVCS
conditions.

2.2.4 AVCS Development: Participants and Roles

Joint government-industry effort is needed to optimize
the success of each AVCS development and the
overall AVCS initiative. There are severa distinct
groups of individuals, institutions, and organizations
that will be involved in the AVCS program and
specific system developments. Possible participant
roles may include:

e The Federa Government will define functiona
requirements and set priorities for safety-related
i Ssues.
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® Federa, state, and local governments will define
functional requirements and set priorities for
congestion-related issues.

& State and local governments will provide high-
way facilities for operational test projects.

® Research organizations and educational institu-
tions with expertise in human factors, highway
transportation systems, highway safety, computer
systems, artificia intelligence, etc., will provide
technical resources and facilities.

® Magor U.S. automotive companies and their
suppliers will provide expertise, concepts, and
technical capabilities and facilities for the devel-
opment and testing of devices, systems integra-
tion, and demonstration of advanced vehicle
control capahilities.

® |ndividual inventors and small entrepreneurs will
provide concepts and develop and perform
preliminary tests of new technology.

Organizational roles will vary depending on the size
and nature of the AVCS development effort. For
example, AVCS-| developments will require little
involvement of state and local governments since
these devices will be vehicle-based and will require
no infrastructure changes. At the other extreme,
AVCS-III will involve large operational tests on
highly instrumented highway facilities. Extensive
state and local participation in system development is
anticipated, particularly in relation to system demon-
strations. Since organizational roles and responsibili-
ties will vary across different AVCS developments,
they will need to be clearly defined and communicat-
ed for each magjor development in order to facilitate
and enhance the system development process.

3.0 PROGRAM PLAN
3.1 AVCS\-: INDIVIDUAL VEHICLE CONTROL
3.1.1 Scenario

It's 6:30 am. John is leaving his suburban home to
drive the 40 miles to his office just inside the city
limits. The sun won't be up for 10 more minutes,
it's dark and a morning fog reduces visibility even
further. While backing out of his driveway, John
hears the signal of his Near Field Proximity or
Backup Warning System. He immediately applies the
brakes. He leaves the car and finds that his son's

Page 10

Dallas — March 1990

bicycle was carelessly left behind the car. While
moving the bike, John speculates on how much
money the backup warning system has saved him this
past year alone. As he cautiously proceeds towards
the main arterial road, he switches on the Infrared
Roadway Enhancer and is able to see the outline of a
pedestrian crossing the street 100 feet ahead. He
silently gives thanks to the engineers who came up
with that handy gadget.

Before he leaves his neighborhood, John checks his
Vehicle Diagnostic Status Panel and notices that he
has enough gas for two more trips to work, but that
his left rear tire is dangerously low on air. John
stops at the next service station, fills the tire with air,
the tank with gas, and then continues on to work.

John feels relaxed while driving to work knowing that
his on-board computers are monitoring all vehicle
systems and helping him drive safely under all
conditions. As he leaves the local streets, John
increases his speed towards 55 mph. Noting some
heavy traffic in his lane ahead, he depresses his left
turn signal. Immediately the Lane Occupancy Warn-
ing System informs him a vehicle is accelerating and
moving to close a gap in the left lane. John decides
to wait for a safer gap. Finding one a few minutes
later, John effortlessly moves to the next lane,
thinking the Enhanced High-speed Steering Assist
option he purchased was worth the extra money.

Since the traffic is moving smoothly, John switches
on his Adaptive Cruise Control and Lane Keeping
Systems. These allow him to maintain a set speed in
lane center while keeping a safe distance behind the
car ahead. His Automatic Braking System and
Antilock Brakes will aso give John added protection
in the event of sudden stops by the cars ahead. John
relaxes, and begins to think about his first meeting of
the morning. An alerting signal from the Driver
Vigilance Monitor brings John's attention back to his
driving task, and he silently reminds himself he is
gtill in control, and must be alert to unforeseen
dangers and watch for his exit.

A short time later, John exits the freeway, drives to
the industrial park, and maneuvers over the patched-
up roads in poor condition from the hard winter.
John’'s car, equipped with an Active Suspension
System, provides a comfortable ride and stable
platform for his coffee mug. He turns into the
company parking lot, finds and moves into an empty
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slot, where the car automatically slows, and stops
inches from the car in front of him. The Automatic
Braking System not only protects John on the
highway but doubles as a parking aid. He can still
remember the old days when parking involved kissing
bumpers in parking lots in order to accommodate all
the employee cars. Insurance rates are now lower
because of the new safety devices and help offset
their costs in his new car.

3.1.2 Overview

AVCS-I includes only those advanced vehicle
control systems that are vehicle-based, i.e., they are
totally self-contained within the vehicle and do not
require the existence of any roadway and/or roadside
equipment to satisfactorily perform their desired
function(s). The principal benefits provided by the
majority of the devices or systems envisioned to be
included in this category will be significant reductions
in the yearly toll of crashes, fatalities, injuries, and
economic costs that result. The technology of the
AVCS-| devices or systems will, in addition, serve
as the basis for control systems envisioned to be
included in AVCSIl and AVCSHIIl. AVCSI and
AVCS-II systems will further improve safety and
significantly increase the throughput of our nation%
highways (and thereby reduce congestion, especially
in urban areas).

There exists significant potential for improvement in
traffic safety through application of AVCS technolo-
gy, initially by means of warning and collision
avoidance systems and eventually through various
stages of automatic control. In recent years, there
have been dramatic advances in the development and
application of high technology to motor vehicles and
highways, including various vehicle and roadway
sensors and servo systems, image processors, com-
puters, and communication systems. Development of
these technologies has focused on increasing vehicle
performance, driving comfort, and convenience and
more recently increasing safety and reducing traffic
congestion.  The possibility of greatly increased
highway safety is clearly evident as one considers
technology development trends and the potential for
crash avoidance measures provided by these technolo-
gies through: (a) reduction of driver exposure to high
risk environments, (b) reduction of the incidence of
high risk driver behavior, (c) facilitation of earlier
driver response to an imminent crash by providing
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additional seconds of warning and stopping time, and
(d) improvement of the overall quickness and quality
of driver-vehicle response in a likely crash scenario.

Studies have shown that 50 percent of al rear end
and intersection-related collisions and 30 percent of
collisions with oncoming traffic could have been
avoided had the driver recognized the danger 1/2
second earlier and reacted correctly. Over 90 percent
of these crashes could have been avoided had the
drivers taken appropriate countermeasures 1 second
earlier. The continuing development of innovative
electronic, computer, information and communica
tions technology by the engineering and scientific
communities has the potential to provide these frac-
tions of seconds to expand the driver's margins for
safety in high-risk environments. AVCS-| systems
can help drivers better sense impendmg danger, sense
lapses in their judgement or skills, and eventualy
even compensate for some of their errors.

This is not a novel concept; indeed, it has been
commonplace in aircraft design for years. Modem
air transports are equipped with a wide array of
devices that monitor the condition of the aircraft
(e.g., fire detection or hatch closure monitoring
systems), the environment in which it is being operat-
ed (e.g., weather radar), as well as the way it is
being operated (e.g., stall warning indicators).
Collectively these devices are intended to either warn
pilots of potential dangers, aid them in performing
the flying task, or, in some cases, compensate for
errors. The program that is outlined herein would
lay the groundwork for the introduction of that design
philosophy and its associated technologies into the
automotive arena.

A sober appraisal of the IVHS issue, however,
reveals that significant safety risks may be imposed
by systems that are ill-suited to the human operator.
In particular, care must be taken to match m-vehicle
displays and control systems to human capabilities so
that drivers are not overloaded, distracted, or disori-
ented. Accordingly, while large safety benefits are
possible, any national program in IVHS must be
configured to also guard against the introduction of
new safety hazards.
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3.1.3 ldentifying the " Safety” Targets of
opportunity

Highway traffic safety problem assessment typically
involves the use of accident data systems to charac-
terize relevant accident types in terms of patterns of
occurrence, prevalence, and severity. To set priori-
ties and obtain the highest potential payoff, it is
necessary to define workable crash problems and the
functional requirements for countermeasures to
address them, i.e.,, maximize potential safety im-
provement by appropriately applying those advanced
technology developments which have the highest
probability of payoff. To do this, analyses are needed
to develop an understanding of the distributions of
crashes, fatalities, and injury levels and the distribu-
tions of human, vehicle, and roadway or environmen-
tal factors resulting in the crashes.

A systematic approach to the identification of safety
countermeasures is to proceed through an iterative
three-step program to:

o Assess the prevalence and severity of classes of
crashes,

« ldentify the characteristics and relative contri-
bution of causal and contributory factors, and

« ldentify the functional requirements of counter-
measure systems aimed at eliminating or reduc-
ing these contributions.

3.1.4 Technologies and Benefits

AVCS-| systems aid the driver through “perceptual
enhancements,” “warnings,” or “control” actions.
In performing their safety and mobility functions, all
AVCS-I systems depend upon on-board sensors.
These sensors provide signals containing information
pertinent to the status of important aspects of the
driver-vehicle-roadway system.

AVCS-| systems are distinguished herein (see Table
3.1.4) by the manner in which they aid the driver.
For example, “perceptual enhancement” refers to
systems that aid drivers by providing an enhanced
“image” of the driving scene. The driver is expect-
ed to interpret the enhanced images and to control the
vehicle in a manner that improves both safety and
mobility under adverse environmental conditions.
“Warnings’ differ from “perceptual enhancements’
in that warnings provide an interpretation of sensor
signals. Warning systems send messages concerning
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hazards to the driver. Messages such as “no brake
lights” or “erratic driver behavior” are examples of
warnings to aid drivers in making prudent decisions.
“ Control enhancement” pertains to AVCS-I systems
that alter control actions to supplement those provided
by the driver. Control enhancements include antilock
and/or automatic braking systems, cruise control, and
lane-keeping technologies. These types of systems
perform control functions that are difficult or tedious
for the driver to do well.

The technologies associated with AVCS-I are in
various stages of product development or definition.
In Table 3.1.4, an attempt has been made to provide
anindication of the devel opment status of each of the
technologies identified. The range represents a
continuum: (1) no technology applied to a given
problem (NA), (2) technology available to support
demonstration of a concept (Demo Concept), (3)
commercial products available on the aftermarket
(Aftermarket), and (4) products integrated into
production vehicles as either optional or standard
equipment (Optional or Standard).

In those cases where technology is sufficiently
developed to alow AVCS systems to be imple-
mented in vehicles, the current applications of this
technology might be regarded as “technology dri-
ven” in the sense that proof of concept studies have
demonstrated feasible devices. Nevertheless, means
for evaluating the performance of these systems need
to be developed in terms of quantifiable performance
signatures and measures. The anticipated benefits
listed in table 3.1.4 provide an indication of the types
of safety-related performance that would be assessed
in analyses and simulations,
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Table 3.1.4 Overview of AVCS-1 Technologies

Function

1. WARNING SYSTEMS

Technology

Benefit

status

Provide Driver with a warning Indicating that braking or steering action
should be taken to avoid hitting an obstacle

Obstacle Detector (for objects in
front of vehicle)

Reduce frequency and/or severity of
front-end crashes

Demo Concept - Cars

Provide driver with a warning if an intended vehicle action (e.g., lane
change) will place the vehicle in the path of an adjacent object or vehicle
or if an object is in the immediate path of a vehicle while backing up

Near Field Proximity (blind spot)
Monitoring System/Backup Warn-
ing Indicator

Reduce frequency and/or severity of
lane change, and blind spot related
crashes, and crashes involving backing
into pedestrians and fixed objects

Aftermarket - Heavy Vehi-
cles

Aftermarket - Cars

Provide driver with a warning if lapses in driver attention/vigilance are
detected

Driver Vigilance Behavior and
Status Monitoring System

Reduce frequency and/or severity of
crashes involving faling asleep a the
wheel, fatigue, drugs, acohol, etc.

Demo Concept/NA

Provide driver with a warning if any of his vehicle components/systems Vehicle Statug diagnostic System Reduce frequency and/or severity of Standard/Optional
are malfunctioning, operating with decreased performance or failed crashes and/or breakdowns resulting

from vehicle component system failure
Provide driver with a warning that the vehicle is approaching its rollover Rollover Threshold Warning Reduce frequency and/or severity of Demo Concept
threshold so that appropriate action can be taken to prevent rollover rollover crashes, particularly for trucks
2. PERCEPTUAL ENHANCEMENT
Provide driver with an enhanced image of the roadway ahead under Infrared Imaging Reduce frequency and/or severity of Demo Concept
adverse visibility conditions at night crashes involving a lack of ability to

see/detect objects ahead
Provide a projection of vehicle information (e.g., speed) on the wind- Head-Up Display Reduce frequency and/or severity of Standard/Optional

shield with a virtual image located in front of vehicle

crashes involving dashboard distraction
and driver accommodation

Provide driver with the ability to vary the tint of the windshield and/or
mirrors

Variable Window/Mirror Trans-
mittance

Reduce frequency and/or severity of
crashes involving reduced visibility and
glare

Mirror - Standard/ Optional

Window - Demo Concept

Improve visibility without increase in glare

Advanced Technology Headlighting
(e.g., polarized. ultra-violet)

Reduce frequency and/or severity of
crashes involving reduced visibility and
glare

Demo Concept




Table 3.1.4 Overview of AVCS1 Technologies

(cant)

Function Technology Benefit | Status
3. CONTROL ENHANCEMENT
Provide driver with improved steering control at al speeds 4-Wheel Steering Reduce frequency and/or severity of Semi-Active - Standard

crashes involving crash avoidance
maneuvers

Active - Optional

Provide driver with improved vehicle handling/control under harsh and Active/Semi-Active  Suspensions Reduce frequency and/or severity of Standard/Optional
non-level road conditions crashes involving loss of vehicle control
under poor road conditions
Provide driver with improved steering control at high speeds Variable Assist Steering Reduce frequency and/or severity of Optional
crashes involving excessive steering
response by driver
Provide driver with improved vehicle control/stability while braking Anti-lock Braking Reduce frequency and/or severity of Standard/Optional
crashes involving braking on slippery
surfaces or emergency braking
Supplement driver control with capability of automatically maintaining Adaptive Cruise Control Reduce frequency and/or severity of Demo Concept
minimum headway while cruise control is operational crashes involving failure to disengage
cruise control
Supplement driver control with capability to automatically apply brakes Automatic Braking Reduce frequency and/or severity of Demo Concept
if there is a potential for collision crashes involving failure to brake in
time
Supplement driver control with capability to automatically maintain lane Lane Keeping Control System Reduce frequency and/or severity of Demo Concept

position

crashes involving failure to maintain
position in lane
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laboratory research, vehicle experiments, and vehicle-
in-use field operationa tests conducted to investigate
the safety of deploying vehicles equipped with these
systems.

3.1.5 Proposed Milestones

Figure 3.1.5 outlines the projected schedule for
carrying out the R&D, operational testing, and
deployment efforts required to bring AVCS-I prod-
ucts into widespread use by the motor vehicle fleet in
the United States.

AVCS| system development will be characterized
by a number of distinct, but interrelated initiatives.
The following points further explain the anticipated
process and the assumptions on which the milestones
or schedule are based:

® Theterm “operational test,” as used here,
means that the device or system has reached a
stage of development that it can be incorporated
into vehicles which can be operated in normal
traffic conditions by typical drivers. Deployment
implies that the product is being marketed with
widespread use of the device or systems as the
goal.

® All programs such as these are iterative in
nature, at least until the fina design is fixed for
deployment. Thus, there is considerable overlap
between R&D and operational testing.

® The deployment, validation, and utilization of
evaluation protocols overlays the entire AVCS-
system development effort. This is why R&D is
shown as till being necessary even when com-
mercially available devices or systems have
already been incorporated into motor vehicles.

® A prioritization process that includes systematic
identification of targets of opportunity and feasi-
bility studies of aternative solutions will deter-
mine the pace of development of AVCS-I
technologies. Based on this prioritization pro-
cess, specific AVCS-| initiatives may be accel-
erated, delayed, or even discontinued if they are
shown not to be feasible or cost-beneficial.

® The milestone or schedule assumes that IVHS
and AVCS are significant national goals, and,
thus, that substantial funding will be available to
accelerate the normal R&D process.
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® The milestone or schedule assumes the existence
of a research driver smulator by early 1995 to
support R&D on driver performance under
baseline and AVCS-| conditions.

® Because the ultimate success of AVCS| tech-
nologies depends on the matching of devices or
systems to the capabilities and limitations of the
populations of drivers that will use the devices,
human factors must be a significant focus of the
R&D effort. In addition, ensuring highly reli-
able designs which fail “soft” is crucial, espe-
cialy for those systems providing some level of
vehicle control.

In addition to the above, afew words of explanation
are needed regarding two specific technologies shown
in Figure 3.1.5:

e Autonomous lane keeping. It would be difficult
to develop a practical, vehicle-based lane keeping
control system. For this reason, the time frames
shown in the milestone chart are quite long. On
the other hand, the development of such a system
would be greatly simplified by the existence of a
supporting roadway-based infrastructure. Thus,
the AVCS-1 lane-keeping control system should
not be viewed as a technology that needs to be
developed before. analogous AVCS-I and Il
lateral control systems can be developed.

e Vehicle status. Vehicle status systems have been
available on motor vehicles for many years. In
general, such systems alert the driver to the
existence of a malfunction, but do not specifical-
ly diagnose the malfunction. Additional diagnos-
tic information isaso now available to mechan-
ics who have the equipment needed to interrogate
the onboard computer and could easily be pro-
vided to drivers. The question is what informa-
tion do drivers need with regard to the status of
their vehicle and how should this information be
presented. It is anticipated that future systems
will provide vehicle status information which will
be specific, fault-diagnostic and prescriptive.

Mobility 2000
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Figure 3.1.6 AVCS| Funding Alternatives

ADVANCED VEHICLE
CONTROL SYSTEMS

Figure .16 400 -2 X 2O Lo —
AVCS ‘ $80 1 —————— T T T
seo - N -——- e -]
/
40 7 7 -
Z _
Ml RsD s20} o é - -
= Z ~
Operational Tests “© ~ Z %
Timetrame " ey 1991-1905F Y 1998-2000FY 20012010
RAD $80 $60 $20
Operational Tests $45 $60 $15
Totals: §125 $110 $35

3.1.6 Funding Requirements

Figure 3.1.6 shows that $270 million will be needed
to fund the research and development and field
operational test programs that will ensure the deploy-
ment of AVCS-I technologies. This figure shows
the expenditures for the years 1991-1995,1996-2000,
and 2001-2010. Yearly breakdowns of the expendi-
tures are provided in Section 3.4.

3.2 AVCSN-II COOPERATIVE DRIVER -VEHICLE
HIGHWAY SYSTEMS

3.2.1 Scenario

The information and warning systems first introduced
during the 1990’'s have become standard features on
all new automobiles and trucks. Coupled with
retrofits to older vehicles, over 75 percent of drivers
can now benefit from the use of driver vigilance,
behavior, and status monitoring systems. Sophisticat-
ed vehicle diagnostic units and journey data recorders
have become the rule rather than the exception, and
the widespread use of speed and distance sensing
units has had a dramatic effect in reducing accidents.

The deployment of these systems since their initia
introduction in the 1990’'s has undoubtedly had a
major impact on traffic safety and driving comfort.
More recently, however, further advanced technolo-
gies have been added which have begun to revolu-
tionize society’s whole perception of automobile
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travel. In particular, newly implemented systems have
brought about significant and much-appreciated
reductions in traffic congestion.

As Claire Parker departs from her home to make her
way to the office, she remembers back to the time
before these new systems had been introduced. Only
ayear ago, her 20-mile trip to work could take up to

2 hours at the height of the rush hour. The stresses
of stop-and-go traffic, uncertainties over delays, and
fears of an accident used to make Claire dread her
trip to and from work every day. Since the new
automated lanes opened on her route to work, howev-
er, she looks forward to an easy, predictable trip.

The recently implemented automated lanes are an
outgrowth of High Occupancy Vehicle (HOV) lanes
which were widely used throughout the 1980’'s and
1990's. They combine this exclusive right-of-way
concept with the use of cooperative vehicle or road-
way electronics for a new standard of transportation
service.

More precisely, what the new system does is facili-
tate the grouping of cars into small linear strings,

called platoons, which travel at a controlled speed of
up to 65 mph. The system automatically takes into
account adverse weather conditions and adjusts
platoon speed accordingly. Each platoon can consist
of up to 12 cars and each car in the platoon is elec-
tronically and precisely controlled to travel at a close

distance from the car ahead of it. The result is a
greatly increased highway capacity, with an automati-
cally controlled travel speed and greatly reduced
driving stress.

Claire approaches the facility as she would a normal
freeway entrance. However, at the entrance ramp
she pauses long enough to push an authorization
button in her car. This button transmits information
necessary to allow her to enter this restricted access
roadway. The information transmitted includes the
fact that she has a functioning in-vehicle unit installed
on her car. It aso includes basic status information
on her car such as whether there is a sufficient level
of fuel onboard and how long it's been since the car
was last inspected. The response to her transmittal is
amost immediate and Claire accelerates onto the
right hand lane.

Once Claire’s car reaches a speed of 55 mph, the
new system assumes speed control and holds it at that
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speed. Claire immediately notices that platoons of
cars in the left-hand lane are passing her. With their
speed controlled to 65 mph, their passing speed is a
comfortable 10 mph. The next passing platoon
contains only six cars, meaning it has room for her
car to join the string. As the last car in the platoon
passes her, a signal light on her dashboard turns
green, indicating that it is safe for her to merge into
the left-hand lane and join the platoon. Claire turns
into that lane and experiences the headway sensitive
speed control system automatically accelerating her
car to catch up to the remainder of the platoon. This
is achieved in seconds. She then pushes a second
button which activates her automatic steering system
and Claire is able to take her hands off the steering
wheel completely.

With Claire, and other drivers in the surrounding
vehicles, now relaxed after the removal of the driving
task, the platoon continues to make rapid, uniuter-
rupted progress. Claire can relax because fault
tolerance built into the system assures her that even
if her system malfunctions, she will be safely exited
from the platoon.

Since the roadway will soon be electrified so that
electric cars can pick up power as they travel, Clare
and her fiance, Bob, have already been thinking
about having one of their cars be an electric one after
they are married. This will give their electric car as
much range as they need to go anywhere in their
metropolitan area. And the tax incentives to encour-
age clean air make it less costly to own than her
gasoline-powered car.

To Claire, and others like her, the most obvious and
important benefits of the AVCS-II technology are
reduced congestion and improved convenience.
These considerable benefits have already drawn in
substantial numbers of private users. Many new
vehicles are being fitted with the required onboard
equipment as standard equipment and highway
agencies are expanding the very low cost infrastruc-
ture to interurban routes.

3.2.2 Overview

AVCS-II requires both vehicle and highway-based
equipment and utilizes the vehicle-to-vehicle and
roadway-to-vehicle communications systems devel-
oped in ATMS and/or ADIS. AVCS-II begins
implementation of a driver-vehicle-highway “sys-
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tern” whereby vehicle lateral and longitudina posi-
tion is controlled when the suitably-equipped vehicles
are operated on dedicated instrumented lanes.
Vehicles would enter and exit such lanes voluntarily
and under manual control, but be under full or partia
system control while in the lanes. It offers enhanced
trip speed on designated instrumented lanes in con-
gested corridors for specially-equipped vehicles.
Conventional vehicles would not be permitted on the
designated AVCS-11 lanes. AVCS benefits will
include increased travel speed and enhanced safety
through bottleneck locations at a modest cost com-
pared to gaining the same benefits by increasing the
number of parallel lanes. AVCS-II is the logical
stepping stone from the in-vehicle control systems of
AVCS-I to the expanded control anticipated in
AVCS-III.

Platooniug is the principal focus of current AVCSHI
system development. In platooning, vehicles are
electronically linked into “platoons’ on one lane of
a freeway. A car-to-car headway control system that
can accurately and reliably maintain car spacing is the
key element necessary for successful platooning. In
addition, accurate vehicle speed control, platoon-to-
platoon control, and automatic entrance diagnostics
(at the interface between regular highways and
designated instrumented lanes) are also needed. Each
platoon would consist of a cadre of closely spaced
vehicles. Optimal platoon parameters (e.g., travel
speed, platoon size, headway distance, distance
between platoons, types of vehicles permitted, degree
of segregation of vehicle types) will be determined as
part of platooning research and development.

This R&D will consider both technological and
human factors relating to safety, efficiency, and
economy. Platooning technology development
choices are vitaly dependent upon improved under-
standing of driver capabilities when in an “electronic
assistance” mode. The role of the driver will be
fundamentally changed. Extensive studies will be
required to ascertain how drivers, with their wide
variations in capability and performance, will adapt
to an “electronic assist” mode. For example, can
drivers with some additional sensor input, reliably
merge into platoons, or must this function be fully
automated? Can drivers learn to accept automated
headway control at less than a car length spacing?
Can they adapt to partia control situations (e.g., a
merge or demerge situation where longitudinal
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control is automated but lateral control is manual)?
As noted in Section 2.2.2, failure mode human
factors is an important AVCS-II research concern.
A critical AVCS-II R&D question is how drivers
will respond to full or partial failure of the AVCS-1I
system. Other AVCS-II human factors issues
include driver education or training requirements and
public acceptance of the relinquishing of manua
driver control of vehicles while operating on
AVCSHI facilities. Work underway will alow the
basic principles of platooning to be demonstrated in
the next 2 years.

An additional need, particularly in large urban areas,
is to significantly reduce pollution from today’s levels
in the face of dire forecasts of increasing traffic and
much heavier congestion. Roadway electrification
and the use of roadway powered electric vehicles is
a promising approach which is closely tied to AVCS
developments. Roadway electrification technology
offers the advantages of electric propulsion while
eliminating the range disadvantage. In a roadway
powered electric vehicle system, power cables are
buried beneath the roadway surface and passing
vehicles are able to draw off power via an inductive
pickup. This permits vehicles to recharge batteries

while standing or moving on such a roadway.

Other AVCS-IlI system development initiatives
include safety enhancing AVCS lanes (that vehicles
can be “locked” into but with driver override), high-
speed roadways or lanes, intelligent cruise control
(involving instrumented highways), and improved
safety egquipment as a result of vehicle-to-vehicle and
vehicle-roadside communications.

AVCS will require a greater R&D investment than
AVCS-1. This is due to the communications and
control functions (e.g., longitudinal and lateral
control) that are required. These functions have
stringent requirements in terms of reliability, safety,
and related product liability concerns. The develop-
ment, testing, and final selection of sensor and
reference systems will be critical technology issues.

3.2.3 Targets of Opportunity

The first operating platooning facility will most likely
consist of 20-25 miles of a two-lane freeway with a
barrier separation from the remainder of the freeway
lanes. The initial system could possibly be integrated
into an existing High Occupancy Vehicle (HOV)
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facility to minimize costs. A realistic operation
would involve 5,000 - 10,000 vehicles and drivers.
Assuming adequate funding, detail design could be
initiated in the mid-1990's with system operations
beginning in the last few years of the century.

A short demonstration segment of electrified roadway
has begun operations. This segment is being used to
test a single bus operating at low speeds. Future
demonstration work will include the addition of a
variety of new vehicles, higher speeds, related off-
roadway operations, and different fleet duty cycles
over the next several years.

An initial deployment of a limited fleet of possibly
500 persona vehicles, some fleet van services and
small van transit service, should be possible by 1995.
This deployment will cover a restricted area, includ-
ing some 10 or 20 miles of powered roadway. Such
a system could easily be expanded to gradually cover
a wider range, accommodating an ever growing fleet
of private owners and both public and private servic-
es. A magor breakthrough in range capability, and,
therefore, attractiveness to the consumer, will occur
with the first freeway deployment. This deployment
step will be especialy attractive when combined with
the dedicated instrumented platoon lanes. Within the
first decade of the next century, it is possible to
foresee this combination becoming a major force in
attacking congestion or pollution simultaneously.

Therefore, the principal beneficiaries will be users of
these dedicated lanes located in high-volume major
commuter corridors. There will be associated envi-
ronmental, economic, and land use benefits through
the alleviation of corridor capacity pressure. Since
the benefits will be greatest for multi-passenger
vehicles (i.e., in person-hours saved), AVCS-I1 will
provide significant incentives for transit operators,
their passengers, commuters in Vanpools, and other
potential HOV facility users. Heavy commercial
vehicles represent another potential user group,
although safety concerns related to heavy truck use of
AVCSHII facilities, together with smaller vehicles,
will need to be addressed. Specific AVCSI targets
of opportunity include:

e States and localities planning new HOV facilities
on new multi-lane freeways.

e States and localities considering adding HOV
lanes to existing facilities.
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e New state toll road authorities or private toll
road developers.

e Developers of major new bridges or tunnels,
where reduction in cross sectional areas could
produce major cost savings.

3.2.4 Technologies and Benefits

Specific AVCSHI technological elements include the
following:

e Automatic lateral control
e Automatic longitudina control

e Vehicle-to-vehiclecommunications(e.g., for
merge or demerge)

System integration of AVCS-II technologies
(e.g., platooning systems)

Intersection hazard warning

Electric propulsion

The first three of the preceding elements are compo-
nent technologies that, when combined, enable the
development of a true driver-vehicle-highway platoon
system. Platooning offers the primary benefit of a
several-fold increase in lane capacity and the second-
ary benefit of enhanced safety.

AVCS-II intersection hazard warning systems will
entail vehicle-to-vehicle communication of intended
travel path. Such devices would extend beyond the
obstacle detectors developed under AVCS-I to
detection or warning of a potential collision based on
each vehicle’s intended travel path. Intersection
safety will be the primary benefit.

Electric propulsion enhances longitudinal control
performance, which will probably enable shorter
headways and, therefore, higher capacity. Electric
propulsion has environmental benefits over gasoline
propulsion that will make it easier to get approva for
deployment in sensitive areas.

The following principal technological AVCS-II
research and development issues will be addressed:

e Low-cost high-performance sensing of distance,
velocity, acceleration, torque, rotation, etc.

e Low-cost high-performance computation

e Image processing and pattern recognition
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o Rdiability, safety, or fault tolerance

e Low-cost high-performance communication
(vehicle-to-vehicle and highway-vehicle)

e Nonlinear and adaptive control
e Electric propulsion

One specific R&D need associated with AVCS-I is
for AVCS roadway test facilities. Test facilities
representing a range of conditions (speeds, curves,
grades, weather) are needed. The eventua allocation
of funds between R&D and operational tests will
depend upon the extent to which test and evauation
work iscarried out on such afacility (R&D) versus
in the real world on actual highways (operationa
test). Following test and evaluation utilizing test
facilities and other evaluation protocols, AVCS-I
systems will be subjected to operational test applica
tions on specialy designated and instrumented free-
way lanes.

Most AVCS-II technologies are in the early phases
of system development, athough the first demon-
strations of roadway electrification and platooning
will occur in the early 1990's. For example, experi-
ments with longitudinal control are being conducted
in the San Diego area on I-15 reversible HOV lanes
(when these lanes are closed to the public) during
1990.

3.2.5 Proposed Milestones

Figure 3.2.5 outlines the projected schedule for
carrying out the research, development, and opera-
tional test efforts required to bring the AVCS-II
systems into widespread applications on urban and
intercity freeways.

This milestone or schedule chart assumes that IVHS
and AVCS are significant national goals and, thus,
substantial funding will be available to accelerate the
program.

3.2.6 Funding Requirements

Figure 3.2.6 shows that $815 million will be needed
to fund the research, development, and operational
test programs that will ensure the deployment of
AVCS-II technologies.  This figure shows the
expenditures for the years 1991-1995, 1996-2000,
and 2001-2010. Yearly breakdowns of the expendi-
tures are provided in Section 3.4.
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Figure 3.2.6 AVCS~II Funding Alternatives
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3.3 AVCSwIIl: AUTOMATED VEHICLE-HIGHWAY
SYSTEMS

3.3.1 Scenario

For commuters living in the suburbs, the morning
drive is now a realization of the many benefits of a
state-of-the-art transportation system, not a mind
numbing lesson in confusion and frustration. From
the moment Norm turns the ignition key, he is aware
of the advances in the transportation system. He
pushes the “‘office’” button on his destination selec-
tion console to indicate that he wants to head towards
his office and the computer starts working out the
fastest route to get there in this moming’s traffic.
The car completes its systems maintenance check and
the journey begins with Norm driving towards the
nearest freeway on-ramp. Norm controls the steer-
ing, but receives assistance from the ““situation
awareness’’ electronics equipment in the car which
warns him of hazards ahead and to the side. Having
avoided the neighborhood fender bender, he leaves
his subdivision and pulls onto a major street.

The dramatic improvements in freeway capacity and
efficiency have eased the bottleneck that used to
occur just a few blocks away from his home in the
suburbs. Cars from the residential subdivision can
move along the surrounding streets and toward the
freeway on-ramps with greater ease now that freeway
congestion has been drastically reduced. The driver
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information and warning systems do not indicate any
problems this moming, so Norm knows he can
proceed directly to the nearest freeway ramp.

At the freeway entrance ramp, Norm responds to the
electronic signal and pushes the button on his dash-
board that initiates automatic control of his ~ha

- - ched 2 EXpe
ROITIA T Process FE -t C3C OILS 8S5HOS

At Wé 120 d §—ava a0 O
nermit-test-aad-cvatiattomrof A :;.v._n'
hefore initiatierrof-fichd-eperational testsy{ehicle and
directs his car to the off-ramp closest to his office.
He can now take his hands off the wheel and his feet
away from the pedals, since these no longer affect the
movement of his car. He notices a brief slowdown
of the car as the roadside diagnosis unit interrogates
his car’s diagnostics to ensure that the necessary on-
board equipment is operational and that the vehicle
condition is satisfactory to complete the trip. It was
a good thing he had remembered to refill his tank last
night so that he didn’t have to repeat his experience
of last week, when his car was directed into the reject
lane and back to the local street because it didn’t
have enough fuel to complete the trip.

Once past the brief diagnosis period, the car accel-
erates smoothly and merges directly into a platoon of
fast-moving cars. It’s such a relief, not having to
worry through the tricky merge maneuver the way he
used to in the old days, when he never knew where
he would be able to find a space in the heavy traffic
stream and was always worried about getting rear-
ended or sideswiped.

Norm pulls out his newspaper and catches up with
the latest developments in the world, until he remem-

bers the memo he forgot to write last night =~
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Figure 3.25 AVCSHI
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in preparation for his morning meeting. He calmly
retrieves his laptop computer from the back seat and
types out the memo. When he finishes, he notices
that he is not on Highway 580, where he normally
travels, but is on 880 instead. His curiosity aroused,
he turns on his map display unit and discovers that
there is a resurfacing project underway on 580,
which has taken a lane out of service, reducing its
capacity. The central routing computer enabled him
to avoid this by rerouting his trip onto the aternate
route. Even though this would be a couple of miles
longer, it would save some time this morning.

With the integration of electronic signposts, highway
signs, and road markers, the cars in the platoon stay
together for much of the journey to the city, with the
faster moving platoons in the left lane and the slower
platoons in the right lane. As Norm’s car approaches
its exit, the trip computer beeps to warn him that it is
preparing to exit the freeway. Although Norm's car
will remain in the fully automated mode until he has

Page 22 Dallas — March 1990

safely reached the exitramp, he is alerted prior to the
exit so that he is prepared to resume control of the
car. The detection of the road markers and the
electronic signs prevent the car from running the
signal at the bottom of the off-ramp. Norm punches
in the right numerical code to assure the computer
that he is awake and alert and ready to resume
control of the car (just like one of those old sobriety
check devices his boss had once told him about).

The traffic signals at the intersections near the
freeway exits are integrated into the new transporta-
tion system to manage the flow of cars that have
exited the freeways. The traffic signal integration
system alows Norm and his fellow commuters to
move away from the freeway and into the commercia
and business district of the city with much greater
ease and much less of the stop-and-go traffic patterns
that were present before the new traffic signa sys
tem.
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Although more commuters like Norm have chosen to
drive to work, the traffic management capabilities of
the advanced traffic network integrated with AVCS
have kept the morning and afternoon commuting
times to a minimum. Rush-hour commuters are not
the only ones that have benefitted from the changes
that have taken place. Sports and concert fans, along
with theater patrons, and shopping center customers
cherish the simplicity with which they drive to the
stadium, theater, and mall. The horrendous traffic
jams that used to occur with regularity have given
way to a much more orderly exit from these places.

As cars leave the parking areas in the semiautomatic
mode, they enter automatic merging lanes leading to
the adjacent freeways. In the merging lanes, small
groups of cars form platoons and accelerate and
merge into the traffic flow as space permits. The
newly formed platoons travel down major inner-city
expressways, allowing the traffic to exit the parking
areas with greater efficiency and speed than many
had imagined. The parking lot that used to take a
half hour to empty after the basketball game is now
deserted within 10 minutes.

Elsewhere on the West side of town, the roadway
electrification program has proven its usefulness with
the postal service and the public transit authorities.
For vehicles such as buses and trucks running aong
fairly consistent routes, the electricity available
through the supplemental power supply in the streets
has allowed the use of electric vehicles to be integrat-
ed into the city’s transportation network. Electric
vehicles, operating primarily on batteries, extend
their range using these recharging facilities in the
downtown area. The electric roadway program has
helped the city keep its commercial vehicle pollution
under control while providing a major reduction in
the noise level in many downtown aress.

Commuters to and from nearby cities continue to
enjoy the benefits brought about by the modernization
of existing highways. With the complete integration
of the automated vehicles and the advanced highways,
businessmen and workers travel between cities in
much less time than required just 20 years ago.
Instead of travelling at average speeds of 30 - 40
mph, cars operating in the fully automatic mode now
travel at the 75 mph speed limit for the entire trip.
Tourists visiting Washington, D.C., can now routine-
ly visit nearby cities like Baltimore and Annapolis as
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the difficulty of traveling on unfamiliar roads has
been eliminated and the speed of automobile travel
between these urban areas has increased.

This year, John's parents took their annual vacation
to Florida as an overnight drive in their camper.
After filling up their reserve tank with gasoline, they
drove onto [-95 after dinner, punched in the exit
number closest to their motel in Daytona Beach, then
retired to the back of the camper, watched the
evening news, and went to bed (just as the long
distance truck drivers do it these days!). When they
got up in the morning and saw how beautiful the
sunrise was in Jacksonville, they decided to stop for
a walk along the beach. They punched the “next
exit” button on the trip computer and in the space of
2 minutes were out on the local streets, driving
themselves to the beach. It was so nice to have the
camper, with all of its comforts, and the freedom to
go where they wanted to go, when they wanted to go.
Just a few years before, they had despaired of being
able to make a trip like this because neither one of
them had the stamina or driving skill to drive such a
long-distance, high-speed trip. Modem technology
has its advantages after all!

3.3.2 Overview

AVCS-III includes complete automation of the
driving function for vehicles operating on specialy
equipped freeway facilities. It builds on the devel-
opments in AVCS- and Il, incorporating elements
in both the vehicles and the roadway, to provide
“automatic chauffeuring” of vehicles from arriva at
the freeway on-ramp to departure from the freeway
off-ramp. It does not, however, go so far as to
automate the trip al the way from the driver's origin
to destination, because that introduces significantly
greater complications.

Implementation of AVCS-III will require significant
additions to the technologies developed for AVCS-1
and Il. In addition to the basic lateral and longitudi-
nal control functions, it will also require automation
of lane changing and merging into and out of the
traffic stream, as well as safe means for effecting the
transitions between manual and automatic contral,
including checking the condition of both the driver
and the vehicle. More significantly, it will require
the development of the communications and data
processing networks and algorithms to effect automat-
ic routing and scheduling of vehicle trips from first
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freeway entrance to last freeway exit and the mtegra-
tion of the automated system with the pre-existing
manual system of traffic management and control on
local streets and arterials.

AVCSHII significantly expands the safety and
productivity benefits gained from AVCS- and II,
and adds further benefits of convenience for drivers
(enabling them to read or write, for example, while
on the automated portion of a trip so that this time
can be used productively). AVCS-1II eliminates
driver error as an accident cause for al trips on the
automated facility, offering the potential for a signifi-
cant safety benefit, and it also greatly reduces the
delay-producing potential for any accidents or break-
downs that do occur by avoiding the “rubber-
necking” of drivers slowing down to take a closer
look. The vehicle condition checking that will be
necessary upon entering the facility should also
significantly reduce the incidence of mechanical
breakdowns of poorly maintained vehicles on the
freeways. The greatest benefit is likely to come from
the dramatic increase in freeway capacity that
AVCS|II makes possible, and from the resulting
elimination of freeway congestion. AVCS-1II should
enable the vehicle to travel at full speed for virtualy
the entire freeway trip, regardiess of the time of day,
at the price of a small delay upon entrance to the
system to enable the trip to be scheduled through the
network.  This should help reduce some of the
pollution and energy waste that are presently attribut-
able to urban traffic congestion. The routing and
scheduling function of AVCS-III helps to ensure the
most efficient distribution of vehicles throughout the
network so that network capacity is fully utilized and
incidents can be accommodated with minimum
disruption to traffic. The coordination of the auto-
mated freeway operation with the loca traffic man-
agement system ensures that the increased volume of
freeway traffic remains compatible with the local
streets and arterials, avoiding bottlenecks at the
system entrances and exits.

3.3.3 Targets of Opportunity

The incremental benefits of AVCS-1II technology
over the two earlier stages of AVCS will be signifi-
cant to all users of the road transportation system, in
both urban and rural areas. Productivity, safety, and
convenience enhancements are widely applicable,
extending to both urban and rura highway users,
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including private, commercial, and transit vehicle
operators. Commercial and transit vehicle operators,
for whom high hourly operating costs make reduc-
tions in trip times particularly valuable, should see
very high benefits from AVCS-lIl in congested
urban areas. Similarly, private automobile drivers
who waste much potential leisure time in traffic jams,
would welcome the recapture of that time for more
pleasurable uses. For intercity (rural) travel, the
convenience of “driverless’ operation could produce
great economies for trucking operations and could
make vacation travel more pleasant for private
individuals and families. It could even ultimately
enable the vacation traveler or long-distance trucker
to sleep through an overnight journey of hundreds of
miles, arriving refreshed the next day ready for a full
day of activity.

These beneficiaries of AVCS-II help to categorize
the targets of opportunity for development of the
earliest systems. It seems that these would clearly be
aimed at the most congested urban areas and at the
intercity corridors with the heaviest commercial
trucking traffic. It would also be easiest to phase in
implementation of AVCS-II technologies in loca
tions that are already planning new road construction
and/or that have the space to construct new roads,
because it is likely to be politically difficult to re-
move an existing facility from public use to equip it
with the new technologies and then reserve it only for
use by the suitably-equipped vehicles.

3.3.4 Technologies and Benefits

In AVCS-II, the benefits are generally enjoyed

when al the technologies are applied together, to
create a complete system. It is not really meaningful

to assign separate benefits to the different constituent
technologies, because all of the technologies are
needed in order to create an automated freeway and

the benefits are derived from the complete “pack-
age” of technologies in the system. The elements
that must be included in an AVCSHII system in-
clude:

e Drive by wire
e  Steer by wire

e Automatic on-board diagnostics (which must be
interrogated and found to be acceptable before
entry to AVCSHII facilities would be allowed)
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= Automatic obstacle detection
= Automatic lateral control
= Automatic longitudina control

® Vehicle-vehicle and vehicle-wayside communica
tion for control

»  Human interfaces for transitions to and from
control

® |Integration of automated roadway with arterials
and local streets

® Automatic traffic merging control

® Automatic lane-changing control

= Automatic trip routing and scheduling

= Automatic obstacle detection and avoidance

* Reliability and safety enhancement features for
all functions (real-time condition monitoring,
fault detection, separate degraded performance
and emergency operating modes, etc.).

It would also be very beneficial to have vehicles
equipped with electric powertrains in order to provide
AVCSHII functions, both for technical and environ-
mental reasons.

In order to provide the above AVCS-111 functions,
it will be necessary to proceed through an orderly
sequence leading from basic research to design,
prototype development and testing, refinements, field
operational testing, and deployment. The basic
research foundation upon which the rest of the
program must be built, should incorporate the follow-
ing elements:

. Low-cost, high-performance sensingof: distance,
velocity, acceleration, torque, rotations etc.

° Low-cost, high-performance computation
e Image processing and pattern recognition
. Reliability, safety, or fault tolerance

e Low-cost high-performance communication
(vehicle-vehicle and vehicle-ground)

e  Traffic engineering (traffic flow and control)

e Network modeling

rithms)
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Optimal network routing and scheduling (algo-

e Nonlinear and adaptive control
. Electric propulsion (especialy batteries)
e Man and machine interfaces.

The design and development stage will include
component, subsystem, and system level design work
to meet the requirements of each of the driving
functions, based on the research outlined immediately
above. This stage will also require extensive system
engineering activity, both at the level of the individu-
al driving functions and at the higher level of the
complete integrated transportation system. Substan-
tial test facilities will need to be developed so that all
of the technologies can be tested thoroughly before
they are first exposed to public scrutiny in field
operational tests.

The only element of the AVCS-III technology that is
commercialy available today is drive by wire, which
is available only on the top-of-the-line BMW model.
Many of the technologies are in the basic research
stage, with some progressing into the design and
development stage as well. This means that some
years of research and development activity will be
needed on AVCS-II before operationa tests would
be considered.

3.3.5 Proposed Milestones

Figure 3.3.5 outlines the projected schedule for
carrying out the research, development, and opera
tional test efforts required to bring the AVCSHII
systems into widespread application on urban and
intercity freeways.

This milestone or schedule assumes that IVHS and
AVCS are significant national goals and, thus,
substantial funding will be available to accelerate the
normal R&D process. In addition, it assumes that a
roadway test facility is available by 1993-1994 to
permit test and evaluation of AVCS-III applications
before initiation of field operational tests.
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Figure 3.3.5 AVCS11 Development Plan

Driving Function 1990 1995 2000 2005 2010 2015

Drive by Wire

Steer by Wire

Automatic Onboard Diagnostics

Automatic Lateral Control

Automatic Longitudina Control

Commuuications for Control
(Veh.-Veh., Veh.-Wayside)

Human Interfaces for Control
Transitions

Integration for Non-Automated
Streets

Automatic Traffic Merging
Control

Automatic Lane-Changing Control

Automatic Trip Routing and
Scheduling

Automatic Obstacle Avoidance

Il

Automated Parking

Legend

Oper. Tests

Deploy
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3.3.6 Funding Requirements

Figure 3.3.6 shows that $1,390 million will be
needed to fund the research, development, and
operational test programs that will ensure the deploy-
ment of AVCS-III technologies. This figure shows
the expenditures for the years 1991-1995, 1996-2000,
and 2001-2010. Yearly breakdowns of the expendi-
tures are provided in Section 3.4.

Figure 3.3.6 AVCS-III Funding Alternatives
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3.4 TOTAL AVCS FUNDING SUMMARY

AVCS is the most complicated and longest-range of
the IVHS technologies. As such, it needs the largest
investment over the longest period of time to reach
fruition. The attached figures (Figure 3.4.1 and
3.4.2) and table (Table 3.4.1) show basic estimates of
the type of funding needed for the research and
development and field operational testing of the three
stages of AVCS over the next 20 years. The esti-
mates do not include deployment costs, which are
expected to be considerable, but which are indetermi-
nate at this time. The funding estimate for R&D and
operational tests includes both public and private
investments, with the division between the two being
left undefined at this time pending future policy
decisions. Note that the funding for operational
testing exceeds the R&D funding for AVCS—II and
AVCS—III, simply because of the scale of the opera-
tional tests needed tc show what the technologies can
do. The funding for operational testing lags R&D by
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several years in each case because it iIs unwise to
advance into operational testing before the technology
has been thoroughly shaken out in the laboratory and
on the test track.

Figure 3.4.1 Total Program Summary
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The resources for AVCS—I total $270 million, for
AVCS-II $815 million, and for AVCS-III $1,390
million, reflecting the increasing complexity of the
higher levels of functionality. In addition, it is
estimated that an additional $250 to $500 million will
be required to construct and operate the needed
specialized facilities (e.g., research driving simulator
and roadway test facility) to support AVCS develop-
ment and evaluation. The annual funding peaks at
$270 million in the year 2000 in this plan. Although
this may seem like a great deal of funding, it 1s
negligible compared to military weapons development
programs and is even low compared to what DOT
spent on the supersonic transport project 2 decades
ago (where expenditures topped $300 million in the
peak year, a figure which has not been escalated to
current-year dollars).

Dallas — March 1990 Page 27



Advanced Vehicle Control Systems

Figure 3.4.2 Advanced Vehicle Control Systems:
1990-2010

(Millions of $ — Public & Private)

LY
tises
1

een seee aeea

1 =
§ i
- o //\\,’—\
I N
;= — |
I s |
e d AN
E:

4.0 IMPLEMENTATION ISSUES
4.1 ORGANIZATIONAL STRUCTURE
4.1.1 Institutional Arrangement

It is of utmost importance that an organization be
designated and put in place to steer the development
and implementation of Advanced Vehicle Control
Systems (AVCS). Ideally, such an organization
would be composed of representatives from industry;
universities; and state, local, and Federal Govem-
ment.

A need for an organization overseeing the develop-
ment of an Imtelligent Vehicle Highway System
(AVHS) was recognized by Mobility 2000 in April
1989. A special task force was established to deter-
mine the optimum organization model that would
fulfill this need. The task force recommended that
the U.S. Department of Transportation, Office of the
Secretary of Transportation (OST), provide the
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leadership in organizing a national IVHS effort. The
organization would be implemented as follows:

® The Secretary would form a joint high level
IVHS Council to include major interests of
government, industry, and academia, in charge
of establishing:

©  Basic program goals
©  Priorities and program categorical allocations

©  Accelerated implementation and applications
projects

o  Standards and protocols
o Increased public information

o Recommendations for incremental stages of
development

o  Legislative initiatives

o  Policy

o International cooperation

© Industry cooperation and support

o Identity of legal concerns

o Involvement of major vehicular fleets
o  Professional staff development

® The Secretary would direct the modal Adminis-
trators (FHWA, NHTSA, UMTA), with FHWA
as chair, to be an IVHS advisory committee to
the Secretary and to:

© Carry out programs specific to their modal
responsibilities

© Review and advise the Secretary on the IVHS
Council recommendations

©o  Provide budget oversight

©  Advise on needed legislation and interagency
cooperation

© Define IVHS administrative and technical ele-
ments within their respective organizations

o  Appoint a secretary to the IVHS Council

® The modal Administrators would carry on pro-
gram administration using existing contract
authority and through special arrangements for
large scale demonstration projects.
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(Millions of Dollars — Public and Private)
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e Also, the Administrators may elect to appoint
project level technical committees.

4.1.2 Technology Transfer Protocol

Work on AVCS research will be going on in numer-
ous public and private sector laboratories. The
technology transfer protocol must be worked out and
agreed to in advance of the start of any national
effort.  The protocol must protect private sector
proprietary technology, but at the same time alow all
participants to learn from the work of the participants
and reduce the tendency for each research group “to
reinvent the wheel.” Patent rights will have to be
worked out for these technology development partner-
ships. The technology transfer arrangements should
also include sharing of monitored foreign work on
IVHS.

4.1.3 International Collaboration

The deployment of the best technology within the
shortest time frames is a goal that makes sense
against the backdrop of the pressing safety, conges-
tion, and environmental issues facing many of the
world’s urban areas. International collaboration on
transportation technology development is essential.
However, can international competitiveness be
preserved for each of the competitors? The answer
is yes, if the collaboration is properly structured.
Negotiations between the European, Japanese, and
American groups could produce mutually beneficia
results. Areas of joint effort could be:

® Development of control models
® Human factors research

® Computer simulation of alternative control
schemes

® Compatible communications systems
® FElectronic based system certification
® Development of test facilities

® Field experiments and test protocols
® International standards

4.2 FINANCE

The United States has falen behind in the develop-
ment of advanced technology for streets and high-
ways. One of the reasons for this is that traffic
safety and congestion problems occurred earlier and
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are more severe in other areas of the world than in
the United States. However, an equaly important
barrier to progress is the division of interests between
the private sector which develops the equipment and
the public sector which is responsible for designing
and constructing the roads and other elements of the
transportation infrastructure. Industry finds it diffi-
cult to participate in these fields, largely because it
can not see the opportunity for significant earnings.

U.S. industry has been accused of having too short a
time horizon to commit to long range research, or to
engage in the development of advanced products
which do not have near-term payoffs. There are
many reasons for this. Some, such as the relation-
ship between the price of the company’s stock and
the last quarterly report, are well publicized. Other
reasons are more subtle and less well understood by
the public and most transportation professionals. The
time value of money, for example, would deter
prudent investors from committing to product pro-
grams with time horizons of more than 10 years,
unless the surviva of a company or major investment
depends on it.

There are few, if any, financial incentives for the
private sector to invest in new research on technology
and product developments which have long time
horizons. The investors would have to be confident
of annual sales many times as large as would be
justified for more traditional near-term markets. The
risks to the investment include the development of
new and superior technology, the ending of patent
protection and the leakage of knowledge as key staff
members change jobs, publish technical papers, or
retire.

A related problem may occur when a new company
or product has received support (from the govern-
ment, a corporate sponsor, venture capitalists, or
families) through the proof of principle stage and then
needs capital to create the production capacity to meet
projected market needs. At this point in the develop-
ment, many start-up companies go to the public
market for capital (so caled initia public offerings).
These stock issues limit their future options (and

willingness to take risks) by placing emphasis on the
need for quarterly earnings. In the recent environ-
ment, this may be complicated by concern over being
acquired by unfriendly investors.
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As a result, many potentially beneficial products and
services are being neglected or lost. Some foreign
countries, in particular, Japan, have different finan-
cia incentives and as a result it is not uncommon for
Japanese investors to purchase start-up U.S. compa-
nies at this critica stage in their development. This
will lead to a loss of social benefits, reduction in the
quality of life and/or the loss of the market to a
foreign producer.

The strategies which governments could employ to
encourage investments in these developments do not
appear to have been thoroughly explored. There is
no consensus on what could be done. There has not
been any significant recent public or private initiative
on these problems.

The study of this important issue should examine
candidate strategies in depth. These could include:

® [ederal (or State) grants, how they would be
awarded, size, recovery philosophies for the
government, etc.

® Joint private-public companies, how they would
be chartered, source of funds, earning require-
ments, etc.

® Trust funds, what would be taxed, how the
money will be alocated etc.

® Changes in tax regulations to encourage long
range investments.

® Modification of antitrust and liability laws and
precedents to provide protection for new indus-
tries through the time at which initial research
and development investments are recovered.

4. 3 DePLOYMENT BARRI ERS

No mgjor technological breakthroughs will be needed
to achieve the goals of advanced vehicle control.
However, magjor cultural and institutional barriers to
the deployment of the technologies need to be re-
moved. These include social, safety, organizational,
legal, political, and environmental considerations.
They are addressed in the following sections.

4.3.1 Social

Public acceptance of AVCS will be a principal
concern. Who will benefit from the technology and
how will costs be alocated? Will costs be borne by
the general public, or only by direct users of the
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technology? Will AVCS technology be perceived as
a threat to contemporary lifestyles, privacy, or
individual autonomy? What will be the education or
training requirements for AVCS drivers, and will
drivers be able and willing to attain the needed new
skills? These social issues and concerns must be
addressed in the planning and development of the
AVCS concept.

4.3.2 Safety

AVCS technology introduces more significant safety
issues than the other IVHS technologies because of
the addition of control functions to the information
exchange functions that predominate in the rest of
IVHS. These safety issues represent both increased
opportunities for improvement over present conditions
and increased risks if systems do not work as intend-
ed.

Substantial research and engineering development
efforts will need to be devoted to minimizing the
probability of failures and then again to minimizing
the consequences of those failures that do occur. The
trade-offs between system cost and reliability will
have to be confronted directly, in a process of
dialogue between the technical and political commu-
nities. The general public and their elected and
appointed officials will have to be satisfied that
sufficient attention has been paid to safety before any
AVCS technology can be implemented, even for
demonstration purposes. This will require convincing
experimental results and the publicizing of their
significance in ways that can be comprehended by the
public.

It is difficult to anticipate human responses to the
sensations of utilizing an advanced vehicle highway
system, particularly for the more advanced versions
in which vehicles may be operating much closer
together than they do today and in which the driver
has less responsibility for control of the vehicle.
Much attention will have to be paid to the public's
emotiona responses to this form of travel and their
perceptions of its safety. Perhaps the experience will
first have to be offered to the public in amusement
parks, in the form of rides that can be experienced in
complete safety, but do not necessarily appear to be
as safe as people demand for their daily modes of
transportation.
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Education of the public about the relative safety of
existing transportation systems will be a key element.
If the causes of present-day accidents are understood
better, it should become possible to appreciate the
potential for improvements that AVCS technology
offers, while at the same time recognizing that AVCS
will not be perfect. Enhanced public awareness about
transportation safety is vital so that appropriate public
policy measures are taken. The public perception of
the relative safety of different modes of travel must
be brought as close to reality as possible.

4.3.3 Organizational

Financial and organizational interests which have
developed over the years to build highways or pro-
vide services may feel threatened by advanced vehicle
control concepts. For example, highway builders and
their suppliers may, at first, oppose the automation
concept since there would be a de-emphasis on new
heavy construction. Studies to defme the rehabilita-
tion and reconfiguration requirements of AVCS
contractors and suppliers will be required. Public
transportation providers may oppose AVCS develop-
ment if it were perceived to provide greater benefits
to private automobiles than to public transit. Truck-
ers may oppose such systems aimed at automating
traffic flow if they are excluded. The above organi-
zational interests and concerns will need to be ad-
dressed pro-actively to ensure that AVCS implemen-
tation is not unfairly damaging to any group, but that
the development of AVCS concepts is not defeated by
special interests to the detriment of the general
public.

Internally, transportation agencies that plan, design,
and implement highway features will need to change
their organizational structures and procedures to
accommodate IVHS and AVCS approaches. Auto-
mated highway systems will require much higher
levels of reliability and predictability than do current
highway systems.  Vehicle interaction, condition
monitoring, diagnostics, failure analysis, and similar
analytical approaches will need to be integrated into
highway management procedures and strategies.
Some highway engineers may initially feel threatened
by advanced technology approaches since these will
involve mechanical, electrical, and electronic control
engineers aong with traditional civil, structural, and
traffic engineers to develop AVC systems. A more
diverse mix of professiona disciplines will be re-

Page 32 Dallas — March 1990

quired to design, implement, and maintain the future
vehicle highway systems.

434 Lega

A serious institutional barrier to development and
deployment of IVHS and AVCS technology in the
United States is its legal system. Court liability
awards are reaching astronomical proportions, and
the assessment of damage often bears little relation to
responsibility. AVCS will greatly decrease accidents
overall, but it is inevitable that some accidents will be
caused by the system, whether these accidents are
due to device malfunction, faulty system design, or
human factors design deficiencies. Ways are needed
to limit the liability risk of AVCS developers, both
public and private.  Possible approaches might
involve stronger consideration of overall system
benefits, narrower definitions of negligence, limita-
tion of compensatory awards, limitations of punitive
damage awards, limitations of joint liability, better
training of juries, and elimination of contingent fee
systems.  Federally-subsidized liability insurance
and/or Federal standards systems (where liability
shifts to the government if products meet Federal
standards) are other potential approaches to reducing
lighility risk.

Ancther legal issue of concern is antitrust. Collabo-
ration among AVCS innovators, suppliers, and users
will be particularly important. However, certain
provisions of current antitrust laws restrain innovation
by inhibiting collaboration among competitors. These
provisions need to be reexamined in light of the need
for collaboration among AVCS developers and
between government and the private sector.

4.3.5 Political

Automated systems will require a much higher level
of coordination across jurisdictions than do current
highway transportation approaches. Regiona trans-
portation authorities or other transportation planning
or management bodies that transcend jurisdictional
boundaries will be needed. Internationally, ways will
be needed to facilitate transportation technology trade
agreements, international risk-sharing, and technology
transfer. However, these arrangements must protect
proprietary technology and international competitive-
Nness.
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4.3.6 Environmental

The environmental benefits from AVCS technology
will result from reduced traffic congestion and the
consequent decrease in air pollution. AVCS will also
improve vehicle efficiency by automating functions to
make driving smoother and more fuel efficient and
will limit the “new concrete” approach to accommo-
dating growth. However, the great increases in
highway throughput resulting through AVCS technol-
ogy will require concurrent dramatic advances in
clean vehicle propulsion systems. The “more vehi-
cles equal more pollution'* obstacle must be over-
come.

4.4 INFRASTRUCTURE REQUIREMENTS

The existing network of highways that support and
guide the transportation system is often referred to as
the infrastructure. AVCS-II and AVCS-IIT will
equip this infrastructure with technology that can
permit communication with and physically guide the
vehicles on it. The vehicles using the highway must
also be fully equipped or “smart.” By linking the
smart highways to smart vehicles, the infrastructure
will evolve and conform to accommodate the latest
technology and efficiently provide the best transpor-
tation facility possible.

The fully controlled highway may be 20 years into
the future, but its deployment will be associated with
the following attributes:

® Considerable increase in traffic throughput
® Significant reduction in travel times

® Significant reduction in accident frequency and
severity

® Improvement in air quality due to reduced con-
gestion, improved vehicle efficiency, and cleaner
propulsion systems

® |mproved comfort and convenience of travel

While the cost to adapt the existing infrastructure to
AVCS will be significant, it will be less than the cost
of accomplishing similar enhancements in throughput
by construction of additional capacity. Transition
from the present infrastructure system to a fully
automated system will require severa years. It is
important to plan and implement those AVCS im-
provements to the highway facility in concert with the
longer-term evolution of the overall advanced trans-
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portation technologies. For example, existing free-
ways can be improved by implementing traffic
management systems technologies that include ad-
vanced traffic signalization systems, driver infor-
mation and warning systems, and special control
applications such as ramp control systems. Infra-
structure requirements for such technology may
include the following:

. Maintenance and operation of the system,
e Lane widths and clearances,

e Grade and geometry, and

e Freeway location and traffic volumes.

Equipping the infrastructure for a higher level of
automation, means that the following additional
requirements be addressed:

® Start-up and diagnostic procedures,

® Communications link between the highway and
the vehicle,

® Types of vehicle accepted on the highway,

® Mixture of controlled and non-controlled vehi-
cles,

® Emergency breakdown procedures and facilities,
® [ncident management, and
® [nformation on non-controlled sections.

Future implementation of advanced vehicle highway
systems will heavily impact the existing infrastruc-
ture. Requirements for proper planning, design, and
safety must be incorporated into the project scope for
these projects. Critical requirements must be devel-
oped for merging automated and conventional sys-
tems. Proper and effective handling of the infrastruc-
ture is essential to the success of AVCS.

4.5 MareTI N6 AND PuBLl ¢ RELATI oNs

The success of the IVHS program, particularly
AVCS, is highly dependent on public understanding
and acceptance. Carefully designed strategies are
needed to ensure highquality system development, to
gain support from decision makers, and to receive
acceptance by users. Critical elements in developing
and marketing IVHS and AVCS include:

e Identify key decision makers. This includes
upper management at the U.S. Department of

Dallas — March 1990 Page 33



Advanced Vehicle Control Systems

Transportation, Office of Management and
Budget, members of Congress, user groups, and
key state and local transportation officials.
Provide comprehensive information describing
IVHS and AVCS and its potential.

® |dentify key users and user requirements. |denti-
fy users likely to attain the greatest benefits from
AVCS and quantify those benefits. Analyze
cost-benefits. Determine user willingness to pay
for AVCS benefits.

® Define system requirements. Analyze current
safety and congestion problems to determine the
key elements of the needed solution. Specify
AVCS functional requirements based on this
anaysis.

® Assess the available technology. Analyze key
applications, underlying technologies, and key
R&D issues relating to each.

® Develop an overall system architecture. Imple-
ment the AV CS phases and specific initiatives so
that al are upwardly compatible with planned
future systems.

® Assess organizational and political barriers to
AVCS, eg., specia interests in opposition to
elements of AVCS, public misgivings regarding
‘loss of control, ” or other AVCS aspects.

® Prioritize efforts. AVCS-1, AVCS-II, and
AVCS-II1 represent three distinct phases of
R&D and deployment. Within and between
phases, prioritize R&D efforts based on needs
and available technology.

® Define roles and responsibilities. Determine the
appropriate nature and degree of involvement for
various levels of government and private organi-
zations.

® Develop a marketing strategy to promote the
benefits to be gained from AVCS. The plan
fosters positive public relations and education
regarding AVCS concepts and benefits. Detailed
milestones, schedules, and costs are outlined.

® Maintain rigorous controls and evaluation proto-
cols. Establish facilities, procedures, roles, and
milestones for evaluating AVCS development
throughout the system development cycle.
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50 CONCLUSIONS AND
RECOMMENDATIONS

The specific goals and objectives of AVCS technolo-
gy deployment are identical to those of the overall
IVHS effort — enhanced safety, increased throughput
(increased travel speed and improved trip time
reliability), reduced environmental impacts and
enhanced international competitiveness for U . S .
industries. AVCS goes beyond the efficient man-
agement of the existing limited system and has the
potential to provide quantum improvements in both
throughput and safety.

The AVCS program has as its ultimate goal the
virtual elimination of traffic crashes and traffic
congestion. As a major IVHS element, it has far-
reaching long-term potential, although it will take a
concerted commitment to research, development, and
demonstration to achieve the ultimate benefits. The
autonomous in-vehicle systems (AVCS-1) will
provide substantial safety enhancements for suitably
equipped vehicles as soon as the technologies are
commercially available. Beginning with AVCSHI,
traffic throughput will increase significantly on those
facilities where the infrastructure has been installed.
AVCSHII will largely eliminate crashes and conges-
tion where it is utilized. Universal elimination of
crashes and congestion will require improved genera-
tions of AVCS to be applied to al vehicles, roads
and streets.

Additiona conclusions:

® Within the next two decades, AVCS technology
will not be on every car. The purchase of the
onboard equipment will be voluntary and only
the most heavily travelled urban and intercity
freeways will have the necessary infrasturcture to
allow “hands-off’ driving.

® A significant investment is needed to modify the
infrastructure to accommodate the AVC systems
envisioned. However, this investment will be
small relative to the cost of new lane construc-
tion. Moreover, AVCS benefits will justify the
needed investment.

® AVCS is initialy a driver-vehicle system which
evolves into a vehicle-highway system as more
control is added. The ultimate success of this
evolution hinges upon such major factors as
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social acceptance, national commitment, and
successful system integration and standardization.

Careful attention to human factors is critical to
the success of AVCS technologies. The issues to
be addressed are very different in nature during
the various stages of system evolution.

Legal obstacles (e.g., liability risk) are a signifi-
cant concern for AVCS technologies primarily
because of the level of automatic control.

A magjor part of the research and development
funds must be dedicated to achieving a fault
tolerant, reliable system at reasonable costs.

Efforts need to be devoted to cleaner propulsion
systems; otherwise, AVCS technology may never
be implemented. The “more vehicles equals
more pollution” obstacle must be overcome.

In order to fully realize the potential of AVCS
deployment, we recommend the following:

Mobility 2000

Create a national organizational structure to
oversee and coordinate public-private partner-
ships for accomplishing research, development,
field operational testing, and deployment of
AVCS technologies. An integral part of this
partnership would include the ability to pool
funds.

Provide sustained funding at levels sufficient to
support a comprehensive, multi-faceted AVCS
program. AVCS promises dramatic benefits, but
research, development, field operationa testing,
and deployment costs will be significant.

Obtain legidation to limit the liability risk of
those who participate in the development and
deployment of AVCS technologies.

Define the long-term requirements of the ultimate
AVCS architecture to the extent possible early so
that these requirements can be considered in
establishing the standards for the near-term
systems.

Allocate sufficient research and development
funding earmarked specifically to address the
critical “reliability” and “fault tolerant” re-
quirements that such systems must embrace to be
acceptable.

Dallas — March 1990

On a priority basis, develop and validate mea-
surement and analysis tools (such as a driving
simulator and a dedicated automatic control test
facility) and evaluation protocols for assessing
the performance and/or efficacy of AVCS tech-
nologies.

On a priority basis, stimulate the growth of
available manpower and expertise in human
factors as applied to highway transportation
problems.
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INTRODUCTION

The activities of Mobility 2000 with respect to IVHS
technologies will ultimately involve al types of motor
vehicles, regardless of ownership or use. The
Commercial Vehicle Operations (CVO) Working
Group is specifically concerned, however, about the
application of these technologies to commercial
vehicles. Commercial vehicles include large trucks,
local delivery vans, buses, taxis, and emergency
vehicles.

The application of 1VHS technologies will improve
the productivity, safety, and regulation of al com-
mercial vehicle operations.

Productivity

Global competition is forcing U.S. companies to
change the way they do business. Many of these
changes, such as the use of overseas parts suppliers,
the introduction of just-in-time manufacturing and
distribution, and the increased emphasis on quality
and consumer service, are having a direct impact on
the way commercial carriers operate. Carriers are
being asked to provide faster, more reliable, and
more cost effective services. IVHS technologies are
emerging as the key tools that carriers have to reduce
costs and improve productivity. Automatic vehicle
location, tracking and two-way communications,
routing agorithms, in-vehicle text and map displays
— al new IVHS technologies — are making possible
faster dispatching, fuel-efficient routing, and more
timely pick ups and deliveries. These productivity
improvements have a direct impact on the quality and
competitiveness of U.S. businesses and industries at
both the national and international levels.

Safety

Over the last decades, we as a nation have invested
in smaller passenger cars for fuel efficiency and in
larger trucks for greater productivity. Today, we
operate them together on very congested highways
many of which were designed for fewer cars and
smaller trucks. The mix has increased public anxiety
about highway safety, adding to concerns about
insurance costs, hazardous materials spills, drunk
driving, and drug use. IVHS technologies offer a
means of directly addressing the safety concerns of
the public and commercial vehicle operators. Ad-
vanced vehicle control technologies, such as blind
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side and near obstacle detection systems, can make
our nation’s highways safer and more productive.

Regulation

The Federal government, each of the States, and
many local governments regulate commercial vehicle
operations — to administer taxes, ensure public
safety, protect bridges, maintain economic competi-
tion, and promote fair business practices. The cost
of regulation to government and commercial vehicle
operators is substantial. The States spend over $100
million annually for truck weight enforcement alone.
IVHS technologies, such as weigh-in-motion scales,
automated vehicle identification transponders, and
automated vehicle classification devices — some
already deployed by the states — will reduce the time
spent at weigh stations, reduce labor costs to states,
and minimize the hassle of red tape for commercial
vehicle operators.

The early application of 1IVHS technologies to com-
mercial vehicle operations offers the U.S. a unique
opportunity to fast track the development of IVHS
systems.

® Commercia vehicle operators are the leading-
edge users of currently available IVHS technol-
ogies (automatic vehicle location, tracking and
two-way communications, routing agorithms for
dispatch; in-vehicle text and map displays; etc.).
While other potential users talk about someday
adopting these technologies, over-the-road truck-
ing companies, parcel delivery firms, taxi servic-
€es, couriers, transit bus systems, and emergency
vehicle operators are aready investing in these
technologies. These commercial users are
making these investments in order to improve
service to customers, increase productivity,
reduce costs, and increase profit. They have a-
ready answered the perennial question about
IVHS technologies, “Where's the demand?’

® Commercial vehicle operators are likely to be the
first users of the next generation of IVHS tech-
nologies (e.g., rea-time traffic information
services and automatic vehicle identification
technologies) — for the same market-driven
reasons. Thus, CVO can serve as the logical
testing ground for many additional 1VHS tech-
nologies before they are made available to other
motorists.
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The IVHS program must address the unique needs of
commercial vehicle operations.

. Heavy trucks, for example,cannot be operated
on al roads for a variety of reasons such as
restrictive geometry and substandard bridges.
The operators of these vehicles must have accu-
rate, detailed information about any proposed
aternatives to the routes they normally travel.
Vehicles carrying hazardous materials have
similar kinds of unique information needs.

e While equipment and communications standards
are important to all potential IVHS users, they
are critical to CVO. Large vehicle fleets de-
mand equipment standardization in order to
reduce the training and maintenance costs associ-
ated with parts proliferation. Electronic vehicle
equipment interface standards are essential if
vehicle manufacturers are to be able to integrate
add-on devices efficiently (a problem of particu-
lar concern to heavy truck manufacturers).
Trucks that travel nationwide will need to be able
to tune-in traffic information broadcasts every-
where without having to carry several different
kinds of radio receivers. They will also require
standardized electronic map databases capable of
covering the entire nation.

e Governmental authorities are looking toward
early use of IVHS technologies to monitor and
regulate certain types of CVO. Weigh-in-motion
(WIM) and automatic vehicle identification (AVI)
technologies are aready being tested as a means
of streamlining heavy truck regulations. Other
regulatory uses of IVHS technologies aimed at
CVO are aso under active consideration — long
before they will be seriously considered for
ordinary motorists.

The CVO section of this report has developed a
series of scenarios to illustrate the future benefits to
commercial vehicle operators, their customers, and
public authorities from the application of a variety of
IVHS technologies. These descriptions address
interstate and local freight movements, transit bus
service, and emergency vehicle operations. Appendix
A aso summarizes expected CVO benefits and
beneficiaries.

Some of the CVO benefits from the adoption of
IVHS technologies can be, and are aready being,
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achieved solely through private actions.  Some
truckload motor carriers, for example, have aready
been able to reduce empty miles traveled by 10 to 20
percent through the use of vehicle tracking and two-
way-communications systems. These systems, which
can cost up to $4,000 per truck, can sometimes pay
for themselves within a year. Their utility requires
no public infrastructure investment. The same holds
true for taxi tracking, commumcations, and dispatch
systems that have cut the average time between
incoming call and dispatching from about 3 minutes
to 15 seconds.

Other benefits from these technologies hinge upon the
willingness and ability of public authoritiesto invest
in the appropriate supporting infrastructure. Real-
time traffic information services, for example, are of
enormous interest to many commercia vehicle
operators in congested urban areas. This interest is
market driven, i.e., traffic congestion costs taxis, bus
operators and truckers money. Rea-time traffic
information services will require substantial infra-
structure investment for traffic monitonng systems,
control centers, and broadcast facilities. If these
investments are not made, these additional benefits to
CVO today, and to other road users tomorrow, will

be lost.

The prospect of joint use of these technologies,
however, by carriers and public agencies does raise
several sensitive issues which must be deat with in
the course of policy and system evolution. These
issues include driver and company privacy issues,
communication and identification standards, and
system operation/maintenance issues.

The research, operational testing and deployment,
proposed for CVO activities, and discussed in this
section primarily focus on interstate commercial
operations. Similar aspects of other IVHS technol-
ogies and how they will address loca commercia
operation needs are discussed in the other sections of
the IVHS report.

BACKGROUND

The term “commercia vehicle” has specific defini-
tions for existing regulatory purposes. For this
report, however, acommercia vehicle is defined to
include any motor vehicle of public or private owner-
ship, regularly used to carry freight or passengers, in
commerce, or provide emergency response. It
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includes large trucks, buses, taxis, emergency and
delivery vehicles. The term “heavy commercial
vehicle” (HCV), within the context of the commer-
cial vehicle definition of this report specifically refers
to combination vehicles, large buses and fire trucks.

The primary technologies currently identified for
special consideration in commercial vehicle opera-
tions, especialy interstate include:

Advance Driver Information Systems (AIDS)
Automation Vehicle Identification (AVI1)
Weigh-in-Motion (WIM)
Automatic Vehicle Classification (AVC)
Electronic Placarding/Bill of Lading

Automatic Vehicle Location (AVL)
On-board Computer (OBC)
Two-way Real-time Communication (TWQC)
Automatic Clearance Sensing (ACS)
GOALS

Current developments in advanced technologies and
their application to commercial vehicles have three
basic goals: (1) to improve productivity in the
private sector portion of commercial operations, (2)
to improve efficiency and effectiveness of traffic
management and administration by transit agencies,
State and local governments, and (3) to improve
safety for commercia vehicle operations and others
affected by them.

BENEFITS

Both individually and in combination, these technol-
ogies have the potential to provide significant benefits
to carriers, State and local governments, and the
public. The key technologies to improve local CVO
are ADIS and TWC because of the increased produc-
tivity from real-time traffic routing and schedule
information they will provide. These are discussed
in the ADIS section of this report. The key applica-
tions to improve interstate operations are AVI and
use of the OBC. They link government and carrier-
oriented technologies and are critical to providing
real-time, vehicle specific information which is
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important for fleet productivity, and optimizing traffic
flow for al vehicles.

Assuming widespread deployment of technology by
Federal, State, and local governments, voluntary
participation by commercial operations, and financial
support, significant benefits will accrue to al in-
volved.

For commercial vehicle freight operations the key
benefit is improved productivity due to:

» reduced operating costs through real-time, most
direct routing and fewer required stops for both
local and interstate operations,

e reduced paperwork burden for interstate opera-
tions through automated driver/vehicle record
keeping and reporting, and

® improved safety performance.

For intercity bus operators, local transit agencies and
taxi operators key benefits are:

® improved system operation, i.e.,, on-time perfor-
mance, safety and capacity,

® improved passenger/driver security, and

» improved information and travel times for system
users.

For State governments the key benefits are:

« improved pavement management, highway design
and traffic management through more accurate
traffic data collection,

« improved highway and vehicle safety, and

« more efficient administration of truck safety and
weight programs due to technology that can
monitor CVO while in motion.

For local governments, the key benefit is improved
incident mitigation capability due to:

e the ability to provide detour routing information,
and

e the ability to provide the appropriate emergency
response, especially with regard to hazardous
materials.

For the public the key benefits will derive from:
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® environmental improvements due to increased
efficiency in all commercial operations,

® petter quality of travel due to the improved
pavement management and incident mitigation,

® |ower transportation costs because of increased
commercia productivity, and

® an improved highway safety environment.

These are only a few examples of the areas in which
tangible benefits will be realized. A more detailed
list of benefits is provided in Appendix A. In order
to begin to accrue these benefits, a partnership of
industry, academia and government must perform
research, field test technology applications, adopt
uniform standards, and resolve institutional and
privacy issues. Also, there must be widespread
support demonstrated by systems deployment by
States and local areas, and voluntary participation by
commercial vehicle manufacturers and operators.
The latter will depend on the development of stan-
dards and operating protocols as well as coordination
both within and among States, urbanized areas, and
the commercial vehicle industry.

THE FUTURE

The following six scenarios describe how the major
technologies will significantly benefit commercial
vehicle operations, State and local governments, and
the public.

ScenNARIO 1. | NTERSTATE FREI GHT
TRANSPORTATI ON - THE CARRI ER

The carrier, BMK Hauling of Hartford, Connecticut,
also has a mid-western terminal at Wichita, Kansas.
Today, BMK’s most experienced driver, Doug, will
begin another trip between the two cities. Today’s
load consists largely of aircraft engine parts going
from Connecticut to the aircraft assembly plant at
Wichita.

Doug's vehicle is equipped with an automatic vehicle
identification (AVI) transponder, an on-board com-
puter (OBC), and automatic vehicle location (AVL)
equipment with two-way communication (TWC)
capability.

His on-board computer is an electronic system,
including hardware and software, located in the
vehicle which can monitor the other systems of the
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vehicle, and also function as an interface for com-
munication both internally between a vehicle’'s
systems and also between the vehicle and external
Sources.

As an interstate carrier, BMK regularly provides to
its base State, Connecticut, standard fleet information
which includes:

e The Commerciad Driver License status of each
driver;

o Data from the most recent safety inspection of
each vehicle in its fleet, and

e Current fuel tax and registration data.

Connecticut is part of a multi-State network, which
enables other States to access BMK's fleet informa-
tion on a real-time basis. In addition, for any inter-
state trip, a BMK driver also enters his or her specif-
ic commercia driver license code into the vehicle's
transponder through the OBC.

The national 1VHS initiative has provided an ADIS in
each urbanized area of 500,000 population or more.
As an aid to HCV traffic, the ADIS gateway point is
signed on each National Truck Network approach to
an ADIS urbanized area. The ADIS gateway point is
the location at which appropriately equipped vehicles
can begin receiving real-time traffic information for
the urbanized area. The sign indicates which broad-
cast radio frequency or OBC-satellite access code (for
real-time map displays) to use to tap into the system.
Doug routinely obtains ADIS information for every
available area using the cab’s FM radio band. In
fact, before he even leaves the terminal he will query
Hartford ADIS to help him leave town.

Several States have installed new, permanent WIM-
AVC (weigh-in-motion/ automatic vehicle classifica-
tion) locations which aso include an AVI reader.
When Doug passes these locations, the vehicle is
weighed, classified, checked for bridge formula
compliance, and identified. Within seconds, the State
computer network will not only know the configura-
tion of the vehicle and how much it weighs, but aso
whether the vehicle's operating systems are currently
functioning properly, its base-State registration, who
is driving and number of hours driven. All States
have aso begun to implement the State line beacon
transmitter, another device which has greatly simpli-
fied some of the daily record keeping required of
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BMK drivers. These beacons constantly emit a time
of day and date signa. As appropriately equipped
BMK vehicles, such as the one Doug is driving, cross
a State line where a beacon has been installed, the
vehicle's transponder picks up the beacon’s signa and
stores the time-date data in the OBC memory. Upon
receiving a beacon signal, the OBC is programmed to
read the cabs odometer and the wheel hub counters
on the attached semi-trailer or trailer. These pieces
of information, i.e., time-date, odometer reading and
hub count are then permanently stored in the OBC
memory for post-trip analysis. Beacons have now
been installed at all Interstate System State line
corssings and for driver's staying on the interstate,
have eliminated the need to keep daily records of
mileage traveled for interstate reporting purposes. In
addition, State audit reviews of carriers for registra
tion and fuel tax mileage data have been greatly
simplified by the standardized reporting format of the
beacon-odometer-hub-count record keeping system.

When the AVI uses were explained to BMK’s drivers
back in 1993, there were some eyebrows raised about
Big Brother. However, Doug and the other drivers
now realize that a clean, current vehicle/driver status
allows them to proceed without ever having to stop at
a scale, port of entry or safety inspection site along
the way. Now Doug can travel more miles in the
same amount of time and earn more money. In
addition, the AVI feature allows Doug to traverse the
three toll facilities along his route without handling
money or receipts.

While traveling along 1-70 near Cambridge, Ohio, the

message light on the OBC in Doug's cab comes on.
BMK drivers have standing instructions regarding the
incoming message light. The urgency of the message
is relayed by either a steady or flashing light. If it is
a steady burning light a driver is to stop at the next
practical or convenient location and use the OBC's
function keys to display the message and acknowl-
edge receipt back to the dispatcher. A flashing light
indicates greater urgency, which means a driver is to
stop at the next safe location, receive and acknowl-
edge the message.

Doug's OBC is displaying a steady light. It is 15
miles to the 1-70 rest area east of Zanesville, Ohio,
soon enough to take the message. The BMK dis-
patcher is directing Doug to make a specia parts
pickup at the General Electric Appliance Park in
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suburban Louisville, Kentucky. The dispatcher also
supplies Doug with a suggested route from his
present location. These messages are displayed on
the OBC's screen. Originaly for this part of the
trip, Doug planned to stay on I-70 to the Kansas City
metropolitan area. The dispatcher’s message suggests
that Doug leave |-70 a Dayton and take I-75 to
Cincinnati, then 1-71 to Louisville. Doug is also
reminded that all through-trucks must take the 1-275
beltway at Cincinnati. Doug responds to the dis-
patcher with a question, “How about [-71 from
Columbus to Cincinnati?*’ The dispatcher replies that
the Ohio Department of Transportation, in its season-
al construction bulletin, is advising that several
pavement repair projects are underway aong I-71
between US 35 and 1-275. Only one lane is available
and traffic will be completely stopped at times
throughout the work area. Continuing with the route
information, the dispatcher informs Doug that at
Louisville he should follow 1-265 and the signed
truck access route to Appliance Park. On departure,
from the Louisville area, the suggested route follows
signed truck access to 1-264 to 1-64 west to the St.
Louis area to rejoin 1-70.

Fifteen minutes later, with the message stored in the
OBC for recal as needed, Doug moves out from the
rest area.  He will follow the route suggested by the
dispatcher supplemented by local ADIS information.

The AVL equipment on the truck automatically emits
a location signal every 30 minutes to the dispatcher’s
office via satellite.  Accordingly, Doug’'s actual
location was updated to the dispatcher every 25 miles
or so. This fact assisted the dispatcher in scheduling
the special pick up and being able to inform Doug in
a timely manner.

The one location at which Doug really feels that the

WIM-AVC and AVI processes are a big plus to him
is the weigh station aong [-35 at Olathe, Kansas.
Doug remembers sitting in queues of 20 and 30
trucks back in the 80's, waiting to be weighed one
axle group at atime, and then possibly having to wait
through a thorough, but seemingly slow safety
inspection. It probably was not any slower than any
other State’'s inspection procedure, but with only 150
miles to go on a 1500 mile trip, the drivers were
anxious to arrive at the Wichita terminal.
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Doug safely arrives in Wichita. This trip has in-

volved an OBC, AVI, WIM, AVC, AVL and TWC
technology applications, as well as ADIS installations
in severa metropolitan areas.

SCENARI O 2. INTERSTATE FREIGHT
TRANSPORTATI oN THE STATE AGENCY

This is Bill’s 20th year as a civilian employee of the
Kansas Highway Patrol, the last 5 of which have
been spent working the weigh station along [-35 near
Olathe. Historically, this scale has been open 24
hours a day and in past years weighed, inspected and
checked the paperwork of thousands of trucks each
year. Last year, however, the weigh station joined
the future. Oh sure, they still weigh and inspect
some trucks here, but the number has dropped
significantly. Why? Any truck which opts to join
the State(s) electronic heavy vehicle program and is
appropriately equipped (i.e., at least a transponder
for AVI, an OBC, and TWC capability) will no
longer be required to stop at every interstate weigh
station, port of entry or vehicle inspection, unless
there is a problem.

AVI transponder readers have been installed upstream
from the low speed WIM scale adjacent to the new
mainline WIM-AVC ingtdlation. As a participating
truck passes the AVI reader, the vehicle is identified,
its OBC polled through the transponder for mechani-
cal system status, and the driver's status (valid
commercid driver’s license and compliance with
hours-of-service regulations) and it is weighed,
classified and checked for bridge formula compliance.
Within 60 seconds, the State's computerized record
center as well as the State’ s network have been polled
and al current information on the vehicle is pro-
cessed. If everything is okay, Bill' s computer
console screen stays blank and the truck rolls on. If
any information is not current or any weight thresh-
old exceeded, the truck ID number and problems are
displayed. Bill can review the information and if he
believes there is a significant problem, he can send a
message to the truck to pull in to the new truck
weight/inspection area approximately 15 miles down
[-35 at the Wellsville exit. At the same time the
direct message is sent to the truck, it is aso sent to
the Wellsville State Patrol Station, so that officers
there can expect a certain truck in approximately 10
to 15 minutes. The penalty for not stopping as
directed will realy compound the driver's problem.
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Meanwhile, the trucks that Bill weighs on the low-
speed WIM scale are those which have not joined the
State(s) heavy vehicle program. Of course, the
trucks stopping at the scales also have the chance of
being picked out for a safety inspection. Bill and his
crew have a reputation for conducting thorough safety
inspections. Drivers, however, often complain that
the crew is awfully slow.

In this instance, AVI, WIM, AVC and TWC Al
combine to keep a legal truck on the move and keep
high risk and overweight vehicles off the road.
Simultaneoudly, the State is accumulating accurate
data on traffic and axle weights, which will be used
in planning and pavement management functions. In
addition, safety is enhanced because a queue of trucks
is no longer routinely backed onto the mainline from
the Olathe weigh scales. The State's central record
center has accumulated data for participating trucks
from several sources including the Highway Patrol
(inspections), and the Departments of Motor Vehicles
(registration) and Revenue (fuel tax).

The record center is jointly funded and staffed by
these agencies as well as the highway department.
Data entry terminals are located a every port-of-
entry, weigh station, highway patrol barracks, and
Highway Department District Office in Kansas.

The Interstate Freight Transportation scenarios
present some of the concepts, abeit simplisticaly,
which if successfully implemented would provide
many of the benefits stated at the beginning of this
section.

What needs to be accomplished to bring these scenar-
ios to life? Actions are necessary in a number of
areas including; (1) applying technologies individually
and in combination; (2) reduction of institutional
barriers, both administrative and statutory; (3)
development of communication and transponder
standards; (4) resolution of driver privacy issues; (5)
widespread deployment by States; and (6) widespread
voluntary participation by carriers.

SCENARIO 3. LOCAL DELIVERY-THECARRIER

Acme Delivery is headquartered in Rosemont,
[linois, adjacent to O'Hare Field. They speciaize in
local delivery of time-sensitive items in the Chicago-
land area. Each of Acme's 100 vehicles, which
include cargo and step-vans, are equipped with
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transponders which uniquely identify each vehicle and
an on-board computer with voice synthesizer, which
can receive and send messages.

The transponder allows each Acme vehicle to use the
special toll booth bypass lanes which the lllinois
Tollway Authority has constructed at each mainline
and ramp toll plaza. The readers adjacent to the
special lanes alow vehicles with a transponder to
pass through at highway speeds. Their passage is
recorded and Acme's account at a local bank is
electronically debited on Wednesday of each week.

The Chicago area ADIS continuously makes available
an up-to-date list of highway segments on which
operating speeds are significantly below posted speed
limits. The dispatcher monitors this information and
can forward updated route information on an area-
wide basis or to individual vehicles as necessary.
The on-board computer receives the signal and can
display the information on the ADIS screen or use the
voice synthesizer. Accordingly, Acme Delivery’'s
dispatcher can easily contact the nearest driver for
requests for package pickups that occur while the
driver is in the vicinity. If the vehicle is equipped
with an automatic navigation system, these additional
stops can be downloaded to the vehicle system and
entered as new segments on the driver's route dis-
play, and enunciated by the voice synthesizer at the
appropriate route position.

Acme’s productivity has increased significantly
through the use of AVI and ADIS and customers are
much happier with the prompt delivery. The technol-
ogies and derived benefits described in the “Locd
Delivery” scenario would also apply to the taxi and
rental vehicle industries.

SCENARIO 4. Bus TRANSPORTATION-INTERCITY

A few years ago my parents traveled from Chicago
to Boston on a Greyhound Bus in December to visit
for the holidays. For many elderly people including
my parents, the bus offered the best alternative from
a cost and convenience standpoint for long distance
travel. In previous years my parents would have
driven their own car, as my father loved to drive.
But health problems and the uncertainty of winter
weather ruled out driving for this particular trip.
They felt the train was too expensive, and neither one
thought much of flying.
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The bus they took was an “express’ with scheduled
stops only at major cities along the way. The bus
route basicaly followed 1-90 all the way, which itself
has potentia problems including: (1) in the winter is
subject to “lake-effect” snow for amost one-half of
its total distance, and (2) much of it is toll road with
long distances between interchanges.

Afterwards | thought a little more about potential
problems on the bus trip. What would have hap-
pened if while passing Ripley, New York, a passen-
ger needed emergency medical treatment and there
was a mgor snow storm? What would have hap-
pened if the bus developed a mechanical problem and
had to pull into the shoulder and stop half way along
the 28 miles between the Lee and Westfield inter-
changes of the Massachusetts Turnpike?

If a bus under these circumstances were equipped
with an AVL system and TWC capability, a bus
company dispatcher would know real-time bus
location with a degree of accuracy sufficient for any
practical reason. A driver would be able to signal
the dispatcher in an emergency, who in turn could
contact the proper authorities, as well as provide
further advice to the driver. With an AVI tran-
sponder, al toll payments along the way could be
handled automatically, relieving the driver of the
need to handle cash or a credit card, at least for toll
purposes, and keep track of receipts.

As in the Interstate Freight Transportation scenario,
the AVI and OBC process would aso give regulatory
authorities the ability to monitor the bus and driver's
status on a real-time basis.

SCENARI 0S. BuUS TRANSPORTATI ON- LOCAL
TRANSIT

IVHS technology for local buses could also have a
very positive impact on congestion and pollution
problems. The following is a short scenario for local
transit bus operations.

Five years ago, John regularly drove his car to and
from work. Access to the city, however, became
increasingly difficult as congestion grew on the
freeway network. He was losing 2 hours a day in
driving to work. Recent transit route changes
brought on by the use of IVHS technologies in the
metropolitan area, however, have created attractive
bus service aternatives for John. Tuning into his
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television's cable station featuring local transportation
information, John was surprised to see how conve-
nient a new bus route serving his neighborhood
would be for his regular commute. He tried it, and
quickly became a bus regular.

The better knowledge of local travel patterns brought
about by IVHS programs has, for example, permitted
bus operators to optimize routings which now alow
85 percent of bus users to take only one bus to get to
work. Previously, most bus users had to transfer at
least once under the old routes and till travel slowly
in congested traffic. Trips simply took too long
timewise for many potential users. Direct bus service
coupled with traffic engineering improvements such
as dedicated bus lanes and optimized traffic signal
control have greatly speeded bus travel.

While the transfer problem is often cited in loca
public opinion polls as the major reason for not using
the bus system more often for work trips, another
often cited non-use reason is personal security while
traveling on the bus. Even here, however, IVHS
technology has resulted in a one button alarm system
which when activated by a driver for any reason,
alerts a dispatcher of the need for police assistance
and provides exact location. The dispatcher can then
patch into police communications reguesting help and
providing location information for police response.

Implementation of IVHS programs has allowed the
transit company to improve:

® rea-time fleet monitoring leading to improved
on-time performance,

® red-time information to the users,
® red-time location for emergency response, and

® preferential techniques favoring bus circulation
(reserved lane, priority at traffic light, free
parking lot at the extremity of the transit net-
work).

These improvements have made the transit system
more reliable and appealing. For John, it reduced
travelling time significantly. In addition, travelling
time can now be used productively even if that means
to simply relax from a hard day of work before he
reaches home. |VHS technology has permitted the
town to reduce congestion and pollution by 20 per-
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cent without having to increase the number of free-
way miles.

SceNarR O 6. EvERGENCY RESPONSE

Cargo information is extremely important especialy
since chemical and/or flammable products are con-
stantly being moved via truck in both rural and
metropolitan areas. The following is a scenario
where exact cargo information becomes critical.

Eugene is carrying acid toward a metallurgical plant.
Due to a sudden evasive maneuver, the vehicle rolls
over and spills part of its content. Eugene loses
consciousness.  The roll-over device on his truck
emits an emergency signal, giving the exact location
of the vehicle, its identification number and cargo
information from the electronic hazardous material
placard. Public authorities are automatically aerted.
From an existing database and the AVI, the proper-
ties of the cargo being carried by that truck are
retrieved.  Officials are then able to dispatch the
closest relevant emergency vehicles by the best route
using the loca ADIS. In this case, the relevant
emergency vehicles could be a police crew, an
environmental crew, an ambulance, or a trailer
carrying a neutralizing chemical product.

IVHS technologies allowed officiads to respond
quickly and with the proper countermeasures, because
they immediately knew the when and where the
incident occurred, and the type and properties of the
substance(s) involved. This made a critical difference
in response time, affecting in a positive manner the
safety of all concerned.

PATH TO THE FUTURE

The normal sequence of steps to the successful
implementation of a mature technology are research,
operational tests and deployment. However, many of
the individual CVO technologies have been re-
searched and tested, making the next step for these
technologies the field testing of their application on a
system basis. Therefore, while research in areas
which will directly affect CVO activities should be
expanded and accelerated, the operational testing on
a systems basis should also be initiated. The order of
this discussion will follow the traditional sequence,
but it should be understood that research and certain
operational tests will proceed simultaneously.

STATE-OF-THE-ART
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Application of individual technologies will produce a
certain level of benefits for the user. For example,
some carriers are already using AVL systems to
improve customer service, and many States are
expanding the use of WIM and AVC for travel data
collection. All benefits, however, can be significant-
ly increased if technologies are integrated and applied
on a system basis. The key lies in the sharing of
technology and data by CVO and the public sector.
For example, both carriers and States will use AVI to
identify and locate vehicles. Also, both interstate
carriers and States need mileage for fuel tax and
International Registration Plan (IRP) purposes. The
cost is less for each if they share data collection using
AVI, OBC, and AVI readers, thus, increasing both
administrative efficiency and carrier productivity.

ResearcH  AND DEVELCPMENT NEEDS

As stated earlier, the research and initial testing of
equipment has been completed for many of the
technology applications mentioned earlier. However,
there is also other simultaneous research needed to
optimize the potential of the technology applications
discussed in Appendix B and to resolve ongoing
problem areas.

Research on the human factors aspect of information
processing by commercial vehicle drivers must be
expanded. While some research is underway, more
is necessary to focus on the more complex on-board
computer function capabilities which commercial
vehicle operators will experience. It appears that
technology is ultimately going to be providing al
drivers the opportunity to obtain real-time highway
and vehicular system information. The optimum way
to display this information needs to be determined so
that a commercial driver is not overloaded and can
react in a safe, predictable manner.

Vehicle dynamics, especialy for combination vehi-
cles, is another research area where design changes
and technology could directly effect highway safety
by improving vehicle stability. HCV accidents
involving trailer swing, vehicle roll-over and/or
jackknifing are some of the most critical, in that they
often cause complete blockage of a roadway for an
extended period, and often involve fatalities and/or
injuries. While the truck-tractor semi-trailer combi-
nation vehicle is likely to remain the backbone of
HCV operations into the foreseeable future, it is also
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quite likely that there will be increased use of muilti-
ple trailer combination vehicles including Turnpike,
Rocky Mountain and standard doubles as well as
triple bottom units. Suspensions that instantly adjust,
roll indicators, collision avoidance systems, and
vehicle specific grade warning systems, for example,
could improve vehicle dynamics, and prevent many
of these incidents from occurring.

A summary of the proposed research necessary to
fulfill the goals of the commercial vehicle operations
section which should be initiated is listed below and
briefly summarized in Appendix B.

e Human factors
°©  “best” layout of cab equipment

©  “no hands’” message receipt and transmis-
sion (head’'s up displays)

o driver fatigue self detection and counter-
measures

o driver identification systems

© driver trip pretest (rea-time suitability to
drive)

Note: It is recognized that any items which involve
unique driver identification raise extremely sensitive
privacy issues and these need to be addressed in the
research and demonstration phases.

e Vehicle Performance

© real-time vehicle systems monitoring (in-
cluding status of brakes, other mechanical
systems, vehicle dynamics, etc.)

©o improved designs with respect to the cargo’s
center of gravity

© near-obstacle detection and warning systems

o  out-of-lane/run-off-the-road detection and
warning systems

© dynamic grade severity warning systems

© dynamic ramp and sight distance warning
systems

. Improvements to existing technology applications

bridge height clearance sensor
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two-way communication terminal receipt,
i.e., screen, verbal, and transmission medi-
um, i.e, satellite, radio, etc.

unique vehicle identifiers with respect to
combination vehicles

OPERATI ONAL  TESTS

As Appendix B indicates, operational tests of re-
searched technologies are continuing or will begin in
several areas including automatic toll collection,
remote driver/vehicle inspections and safety warnings
related to individual vehicles. In addition, however,
there is dready a mgjor effort underway in which
several technologies are to be tested on a system
basis, i.e, the integration of individual technology
applications. The Crescent Project demonstration of
the Heavy Vehicle Electronic License Plate (HELP)
program is designed to be an extensive integrated test
under day-today operating conditions of WIM-AVC
and AVI. This project is a cooperative effort of State
governments and their counterparts in the interstate
carrier industry. Initial implementation will begin in
mid-1990 with additional segments phased into
operation in 1991 and 1992. The “ Crescent’ name
is derived from the project’s corridor location, which
is aong I1-10 and 1-20 from east Texas, west through
Texas, New Mexico, Arizona and Cdlifornia to the
greater Los Angeles area, then north along |-5
through California, Oregon and Washington to the
international border, continuing into British Columbia
using portions of both the Trans+Canada and Alaska
highways. Data will eventually be monitored at 35
locations.

The full Crescent Project ‘will ultimately involve an
estimated 4,000 heavy commercial combination
vehicles for 1 year. An evaluation report of Crescent
isdue in 1993. As currently planned, Crescent will:

. Demonstrate a potential response to the motor
carrier industry’s desires to have one-stop shop-
ping and transparent State borders to help reduce
the number of required stops, and using the OBC
reporting capability to replace manual record
keeping insofar as registration, fuel tax, and
driver's hours-of-service requirements are con-
cerned.

e Show that the technology applications, i.e.,
WIM, AVC, AVI and OBC will work reliably
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from a system standpoint in the highway envi-
ronment; and

. Demonstrate the potential for increased efficiency
in governmental administration of selected motor
carrier regulations, and highway planning.
Specific areas include vehicle weight and tax
reporting. The ability to count, classify and
obtain vehicle weight information for highway
planning, design and pavement management
purposes will also be demonstrated. The latter
information will be obtainable for all trucks in
the Crescent corridor, not just those which will

be equipped with AV transponders.

Crescent presents an important, early opportunity
with respect to the IVHS program to initiate the
operational testing of concepts which are common to
the other IVHS program areas. It is expected to
show that technology applications can be successfully
combined in a system, that institutional barriers can
be minimized, and that both commercial operations
and public agencies can successfully share in the
collection and use of data

OBSTACLES TO BE OVERCOME GONSTRAI NTS

There are three areas in which issues must be re-
solved in order to maximize the benefit potential of
deploying IVHS technologies.

The first area concerns driver privacy. Deployment
of the technologies discussed to this point will pro-
vide amost constant information on a commercial
vehicle, and accordingly a driver's location and
status. Situations will arise where the benefits to
society in general will have to be weighed against the
rights of an individual driver, in making a decision.

The second area involves development of AVI and
on-board computer technology. The scope of what
an OBC is intended to be, was previously described,
and must be developed to the fullest practical extent
as early as possible. For AVI, agreement by States
and industry on transponder standards, particularly
with respect to the identification of combination
vehicles. The ability to uniquely identify a specific
vehicle and its performance is key to both fleet
management and State monitoring.

The third area concerns the Crescent project. It must
be successful in terms of equipment, carrier benefits,
and overcoming institutional problems. First, the
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hardware and software involved must be able to
function amost flawlessly on a continuous basis and
at a reasonable cost. Second, and perhaps more
importantly, it must be demonstrated that direct
tangible benefits can be derived by carriers which
participate in a system of high technology applica-
tions. These benefits would primarily consist of
reducing the paperwork/reporting burden associated
with interstate drivers, and reducing the number and
duration of required stops.

It must be remembered that during Crescent, it is
possible that the actual achieved benefit per partici-
pating vehicle will be relatively small, since it is only
an operational test. However, a successful Crescent
project will demonstrate a benefit potential for all
concerned parties and provide guidance and a strong
incentive for further testing and deployment.

Third, the States must begin to examine the basis for
the multi-agency involvement with CVO traffic which
currently exists in most States. Whether administra-
tive or statutory, each agency’s role should be re-
viewed. If the need for an agency’s involvement
remains valid, perhaps some required record- keeping
or reporting can be simplified, e.g., fuel tax informa-
tion. If the original basis for involvement no longer
exists or has greatly diminished, the withdrawa of
reporting reguirements might be appropriate.

Even a successful Crescent Project, however, will not
completely convince all States and interstate carriers
of the need for, and usefulness of system technology
applications.  Therefore, it is recommended to
designate and fund additional cross-country or inter-
regional corridors. These corridors would be viewed
as continued operational tests. Carriers and States
would begin to benefit in a significant manner be-
cause of greater participation, fewer delays and
increasingly efficient collection and use of data

DEPLOYMENT

A plan and milestones for the deployment of com-
mercial vehicle advance technology applications is
shown in Appendix B. As Appendix B indicates,
widespread system deployment would occur in stages
closely following successful corridor demonstrations.
During 1993 and 1994, several major interstate
carrier corridors would be equipped to reduce the
paperwork burden on interstate drivers and the
required number of stops. The corridors are antici-
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FATED to be along maor National Truck Network
routes. During 1995, large scale instrumentation in
each State would begin and by the year 2000, al
Interstate routes, and 50 percent of the non-Interstate
routes on the National Truck Network would be
equipped to expedite CVO traffic.

In addition, there will be direct benefits to local
commercial vehicles resulting from AVI for auto-
matic toll collection. This feature will be available
on al toll facilities open to commercia vehicles by
1998. The IVHS technology which will provide the
greatest benefit, however, for both local commercia
and emergency response vehicles is ADIS, the details
of which are discussed in the ADIS section of this
report.

INTERFACE WITH OTHER IVHS SYSTEMS

Commercial vehicles will benefit not only from the
technologies and applications discussed here, but also
from the research, field tests, and deployment activi-
ties proposed by other IVHS efforts dealing with
advanced driver information, traffic management and
vehicles/highways. On the other hand, CVO will
provide an early field test opportunity for the ADIS
and ATMS applications.

Other IVHS efforts which involve the creation of
databases for routing algorithms and traffic control
must be cognizant of the special requirements of
CVO, especially HCV, in developing alternative
routing plans. Advanced traffic management systems
must be aware of local transit and taxi operations,
and perhaps consider these commercia operations for
preferential treatment in the traffic stream.

ADIS, for example, is aready evolving. As men-
tioned earlier, equipment is now available which
allows two-way verbal and text communication
between the truck driver and a home office. The
ability for two-way communication automatically
brings with it the opportunity to provide a driver with
current traffic information and revised delivery
scheduling.

The automated vehicle, on the other hand, is a
concept which is just beginning to be developed as an
IVHS component. As incremental developments in
automated vehicle technology come on line, they will
be considered for adoption by commercia operators.
There is support for commercial driver assistance
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technology but some industry representative-s and
drivers have expressed concern over technology
which would take vehicle control totally away from
the driver.

FUNDING/RESOURCES

The total public agency funding requirements for
CVO are $837 million over 10 years, broken down as
follows. 1VHS funding would be sought for efforts
which include:

Research, including:

Human factors, vehicle stability and other tech-
nological improvements

$17 million

Institutional barrier simplification, communica-
tions network development and marketing of
research products

$15 million
Field Operational Tests, including:
Crescent project and additional corridors
$80 million

Deployment on Interstate mileage not previously
covered and 50 percent of the non-Interstate National
Truck Network.

$725 million
Total $837 million

Figure 1 shows the public funding requirements in 5
year intervals and that most of the IVHS funding
would be for operational tests. Further, it shows that
most of the integrated systems would be deployed and
milestones in Appendix B achieved by the year 2000.

RECOMMENDATIONS

Advanced technology applications and the potential
benefits have been discussed in the preceding pages.
The following series of actions are needed to realize
the full benefits.

1. Support the HELP-Crescent project. Review
HELP-Crescent progress and make recommen-
dations for the corridor demonstrations by the
end of 1992. The FHWA should act as a cata-
lyst to encourage Federal, State and industry
participation in the HELP with the understanding
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that during all phases of the HELP, AVI technol-
ogy will continue to be refined and alternative
technologies recommended by the motor carrier
industry will continue to be evaluated by the
HELP's trucking industry representatives and
associated State highway agencies.

Establish a clearinghouse with a separate staff
and budget to collect, evaluate and circulate
information about technology and research
aready underway in the commercial vehicle
operations by the private sector and by various
State and Federal government agencies.

Establish a national forum to coordinate the
development and resolution of policy and techni-
cal issues with respect to CVO technology
systems. The forum should be organized by the
U.S. DOT in cooperation with Mobility 2000,
commercia transportation operators and HELP,
with a target for establishment by October 1990.

Have the U.S. DOT seek legislative action
which:

a. Establishes a mechanism whereby Federal
funds can be made directly available in a
timely manner for State and private IVHS
/CVO activities.

b. Provides one time Federa funding on a 90-
10 matching basis from a separate category
to States and other qualified parties for the
establishment of additional field operational
tests of IVHS technologies of particular
utility to commercial vehicle operators.
These tests should commence in Federal FY
199 1 and should include corridor demonstra-
tions, rea-time traffic information systems
tailored to the needs of CVO; AVI for toll
collection; and support for fleet tests for
both demonstration and research products.
These field operational tests should be geo-
graphically dispersed so as to involve as
many States and regions of the country as
practicable. Estimated funding is $70 mil-
lion. These costs include operating costs for
1 year.

c. Gives the U.S. DOT Secretary the ability to
remove for a period of time not to exceed 1
year Federal gross weight limits within
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Crescent and demonstration corridors for
HELP — type equipped vehicles, as long as
Federal axle weight limits are not exceeded,
the Federal bridge formula is adhered to,
and participating carriers demonstrate that
everything possible is being done to ensure
safe operation of the specific vehicles being
exempted.

PROGRAM MILESTONES

The interaction of Federal legidation, State cooper-
ation and industry economic forces will, by the year
2005, provide deployment of the following system
combinations of advanced technologies targeted at
Commercial Motor Vehicle Operations, and interim
benefits including:

By 1995,

instrumentation to alow the application of
Crescent Technology on 12,000 miles of
major interstate truck corridors;

weigh-m-motion technology in place on 50
percent of the Interstate System;

concluded operational tests showing how the
on-board computer can be used to satisfy
various record keeping and reporting re-
quirements; and

the completion of research and beginning of
field tests regarding advanced vehicle warn-
ing and safety systems.

BY 2000

instrumentation to alow the application of
Crescent technology on the entire Interstate
System and 50 percent of the non-Interstate
National Truck Network;

automatic reporting for interstate carriers
available in al States;

automatic toll collection in place on all toll
facilities open to commercia vehicles;

electronic cargo tracking, driver/vehicle
inspection and electronic permit recording
available in all States; and

widespread adoption and installation of
dynamic safety warning systems.

Mobility 2000

By 2005,

refinement of al previously listed systems
and expansion where feasible

to Canada and Mexico.

This deployment is, of course, predicated on the
technological success, economic feasibility and
political acceptability of the concepts being discussed.

REMAINING ISSUES

Three areas of concern warrant special mention: (1)
driver privacy, (2) operating standards (both for AVI
and radio frequencies for data transmission), and (3)
system operation and maintenance.

Dri VER PR vacY

There is no question that implementation of the
concepts described in this paper will alow, in addi-
tion to al of the facets previously described, closer
surveillance of individua drivers. This fact by itself
could provide a substantial obstacle to system evolve-
ment and deployment without sensitivity and safe-
guards by both government agencies and carrier
management.

The first stages of expanding surveillance have
already been established through such actions as the
single commercial driver's license and the various
drug testing programs. Neither of these programs
has been wholeheartedly embraced by al segments of
the motor carrier industry and both exist today
primarily due to the Federal legislation establishing
the programs.

A growing amount of information will be available
about truck and driver location and performance with
an IVHS-CVO program. It may take both Federal
legislation and carrier/driver education at the begin-
ning to head off possible abuses of the available data
by both public agencies and private companies.

OPERATING STANDARDS

Much of the IVHS-CVO potential is based on having
the ability to uniquely identify each commercial
vehicle. In order to redlize this ability a nationa
vehicle identification standard must be developed. At
this time the International Standards Organization is
aready developing a unique identity system for
containerized maritime shipping. Many times,
however, containers are moved directly fromaship’s
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cargo hold to aflatbed truck, instantly creating a
truck tractor semi-trailer combination vehicle.
Questions regarding the compatibility of the maritime
system and what might evolve as a CVO system have
yet to be resolved. A related standards issue involves
the radio communication frequencies to be used for
information and data exchange. As HCV’s, for
example, travel between metropolitan areas, standard-
ization of communication channels is almost mandato-
ry for the system concepts to work.

PuBLi ¢ Acency SYSTEM OPERATI ON AND
MAI NTENANCE

Aswith any new system, operation and maintenance
must be considered. Proper operation of any new
system brings with it the reguirement to tram and
compensate operating personnel to the level necessary
tO maximize that systems potential.
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APPENDIXA
PRINCIPAL CVO BENEFIT CATEGORIES AND THE PRIMARY RECIPIENT GROUPS.
COMMERCIAL VEHICLE OPERATORS

« Initially; broadcasts of real-time traffic, travel and weather information, later; real-time routing by
combining on-board map and “electronic yellow pages’ databases with radio broadcasts of real-time
information.

Better trucking and parcel delivery services to shippers and receivers by avoiding delays caused by bad
wesather, road construction, and traffic congestion and, when combined with two-way communications,
by providing more accurate ETA (estimated time of arrival) and shipment status reports.

Reduced operating costs from traffic delays.
Enhanced driver working conditions.

More efficient dispatch of emergency vehicles, trucks, couriers, transit buses, and taxis (especially
when combined with two-way communications).

Ability to obtain current information about rest and truck stop locations and space availability.
e Automatic vehicle identification, with and without weight in motion (WIM).

Reduced delays at weigh stations and ports of entry.

Enhanced ability to recover stolen vehicles.

Reduced delays at toll booths through automatic toll collection.

Reduced paperwork, through electronic data interchange.

Automated record keeping for easier compliance with state tax laws.

Ability to gear safety messages to particular types of vehicles.

Ability to use roadside AVI to obtain fix on vehicle's current location.

e Advanced vehicle controls (driver impairment detection and warning, near obstacle detection and warning,
automatic braking, machine vision, etc.).

Fewer traffic accidents and accompanying reductions in medical, insurance and repair costs.
Productivity gains from technologies that permit use of longer or heavier vehicles.

. Automatic “MAYDAY” device (combined AVI, AVL and communications link with dispatcher or public
authorities).

Increased driver safety.
Increased cargo and vehicle security.
Enhanced incident management capability.
STATE GOVERNMENT
e Improved enforcement efficiency of motor carrier regulations.
driver licensing and physical examination records.

vehicle size, weight and inspection status.
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driver log data.
taxation basis record keeping.

Reduced enforcement costs on a unit basis

Improved travel, vehicle classification and axle weight data.
for use in allocating current maintenance resources.
for use in making facility design projections.

Stolen vehicle tracking ability.

LOCAL GOVERNMENT

PUBLIC
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Improved incident mitigation ability.
real-time cargo information.
accurate emergency response.

ability to provide detours around incidents by vehicle type.

Environmental improvement (air quality).
Ability to avoid incidents.
Improved infrastructure condition.
A lower or stabilized transportation cost aspect of consumer goods pricing.

Increased safety of commercial vehicle operation.
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APPENDIX B

PLAN AND MILESTONES FOR IVHS: COMMERCIAL VEHICLES

1990 1991 1992 1993 1994 1995 1996 197 1998 1999 2000 2005
Crescent Demo in 6 Suates
Project AV], WIM, AVC, OBC
Corridor Instrumentation Demo Deployed on Deployed on Deployed on
(Crescent Technology) IEW 50% of 50% of National 100% of
3N/S Interstate Network National Network
Weigh in Deployed Selectively Deployed on Deployed on
Motion in all states 50% of Interstate 100% of Interstate
Automatic Reporting Demo integration Demo multistate Deployed Deployed in all
fot interatate OBC with Beacon reporting in Crescent in all states border Canadian/
Carriers AVLAVC,AVL at and Corridor States Mexican Provicences
Crescent sitca
Automatic Toll Demo at Dulles Demo in § Deployed on all Tollroads Deployed at all major
Collection and TRANSCOM states and State Tollroads and toll facilitics
toll sites S urbanizod areas 50% of toll tunncls & bridges open to trucks
Remote Driver/ Research Demo in 2 Deployed in 25% of Deployed in
Vehicle Inspections OBC/reader/ contiguous statcs states & 2 Canadian all states
Out Service Criteria & | other state Provinces & Cunada
Vehicle & Cargo Research Elec. Demo in 1 Feasibility Deployed Rescarch Deployed for
Hazmat Tracking bill of Lading/ State for 10 statcs non-HM cargo HM tracking in
Placard, Stolen Intemnational tracking all states & major
Vehicle Tracking HM HM shippers
Electronic Recording Regional Demo Demo in Deployed in 50% Deployed in
Oversize/Weight Permita links states 2 contiguous of regions all regions
Electronically regions
CMV Driver Research Demo in urbanized and
In-Vehicle Displays human factors interstate operation
CMV Driver Fatigues/ Rescarch human factors Demo in | Disseminate
sclf Moniloring & dnver monitoring truck corridor Results

Vehicle
Dynamics

Rescarch/test
stability improvement

Deployment determined
by market acocplance

Proximity Warning
Systems

Development by
privatc scctor

Deployment determined
by market acoeptance

Dynamic Safety Waming Systems Vchicle and Site
Specific Including Grade Severity, Ramp Speed, and

Sight Distance

Rescarch Demo: Disseminate
Sclected Results
Locations




Intelligent Vehicle
Highway Systems

Operational Benefits
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Operational Benefits

EXECUTIVE SUMMARY

The “ Benefits Group” of Mobility 2000 was charged
with developing a first pass at the benefits that would
accrue as a result of the deployment of IVHS tech-
nology and with developing a framework for analyz-
ing and categorizing these benefits.

We recognize the projection of a comprehensive set
of benefits for IVHS is a complex and difficult
undertaking. Issue-s as market penetration, technol-
ogy definition, time staging of technology availabili-
ty, the public/private enterprise aspects, and distri-
bution of benefits across groups make projection
difficult. Nonetheless, we have no choice but to do
projections of 1VHS benefitsas best we can, and
now. Further, we need to recognize that estimation
of benefits is a process over time. This is not some-
thing we do once and then forget about. Rather, we
made first estimates of benefits at this time. Subse-
quently, we will refine these as various uncertainties
are clarified.

After completing this first analysis, we assert that
while benefits strongly depend on deployment and
market penetration, reasonable assumptions lead us to
conclude that SUBSTANTIAL AND BROAD-
BASED BENEFITS ARE AVAILABLE
THROUGH A DEPLOYMENT OF IVHS

Three major areas of benefits are:

Safety — under realistic sets of conditions, in
the range of $4-$20 hillion annual savings by the
year 2010 are achievable through the imple-
mentation of IVHS technology.

Congestion — $100 billion are lost each year iu
the U.S. due to traffic congestion. IVHS de-
ployment can reduce this substantially. Some
early experiments suggest 10-15 percent reduc-
tion in congestion are reasonable estimates.
Some of these benefits can be achieved imme-
diately upon implementation.

Fuel — Savings of in the range of two billion
gallons by 2000 and six billion gallons by 2010
are reasonable estimates.

Clearly, other benefits are possible in areas such as
air quality, mobility, infrastructure, and market
development for auto and electronic companies.

Mobility 2000
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A complete taxonomy of benefits is described in the
full report.

To conclude:

1. There is a very broad set of benefits that can
accrue as a result of deployment of IVHS, and
these benefits are substantial.

2. The set of impacted groups is likewise very
broad.

® While urban America achieves significant
benefits, there are important benefits for the
rural population as well.

® \While the journey to work benefits are quite
important, the recreational traveler will
benefit as well.

® While the auto traveling public will clearly
be a mgor beneficiary of IVHS Implemen-
tation, the transit industry and the transit
user will benefit as well.

® \While the conventional auto driver will
benefit, there are important benefits that
accrue to fleet and commercial operations as
well.

® While IVHS will benefit travelers across all
age groups, particular benefits will be pro-
vided to elderly drivers.

With this breadth of benefits, it is reasonable to
expect that a broad base of support for [IVHS can be
developed.

We recommend that the estimates of benefits of
IVHS deployment continue to be refined. However,
benefits estimated thus far are such that the next steps
in developing a national program for IVHS are

appropriate.
INTRODUCTION AND APPROACH
| NTRODUCTI ON

In considering the development and implementation
of any transportation system, it is necessary to
estimate the costs and benefits associated with it, so
that proper decisions can be made. The “Benefits
Group” of Mobility 2000 was charged with develop-
ing a first approximation of the benefits that would
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accrue as a result of the deployment of IVHS tech-
nology and with developing a framework for analyz-
ing and categorizing these benefits.

We recognize at the outset that predictions of benefits
for complex systems like IVHS are quite difficult.
Further, the projection of a comprehensive set of
benefits for IVHS specifically, is a particularly
complex and difficult undertaking. The reasons for
this are severa fold, but include the following.

1. IVHS Technology is not fully defined. While
we have a framework for IVHS technology,
(ATMS, ADIS, etc.,) we do not yet have a well
specified definition for IVHS. IVHS is envi-
sioned as aprogram, not a project — but what
the program is remains undefined.

2. Even assuming certain technologies as part of
IVHS it is difficult to estimate:

a) Market penetration,
b) Time staging of technology availability.

3. IVHS is a joint public-private enterprise. That
is, decision making on IVHS is not centralized.
The phasing of “enabling” decisions by various
parties is very difficult to project.

b

Distribution of benefits across groups is very
complex and difficult to estimate.

(&2

. Reactive decisions made by other actors (e.g.,
airlines, mag-lev entrepreneurs, construction
industry, etc.) are difficult to project.

While difficulties abound in making projections of
IVHS benefits, we have no choice but to do so as
best we can, and row. However, we need to recog-
nize that estimation of benefits is a process over time.
This is not something we do once and then forget
about. Rather, we will make gross estimates of
benefits at this time and then eventualy refine these
as various uncertainties are clarified.

APPROACH

Our approach to estimating IVHS benefits in this
report is as follows:

First, in Chapter 2, we present the idea of an M-IS
benefits taxonomy intended to capture a broad range
of benefits and impacted groups.
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Second, in Chapter 3, we recognize that there are
certain benefits that will likely account for a large
fraction of total benefits. These so called focus areas
are

e Safety
e Congestion, Energy, and Air Quality
. Mobility and Infrastructure

Given their importance, each of these are discussed
in detail, with specific quantitative estimates made
where possible. These focus areas are in concert
with major points raised in the DOT National Trans-
portation Policy. This congruency is important in
building support for IVHS.

In Chapter 4, we draw conclusions and make recom-
mendations for further study.

Additional Material

When thinking about IVHS and projecting benefits
for it, a paralel is the Interstate Highway System,
implemented in the mid 1950's to the present day.
This is a national transportation system of great
scope. It is useful to review the history of this
system and how benefits for it were estimated (and
mis-estimated). For this history, see Appendix A.

Further, there have been severa bodies of work on
estimating benefits of systems of advanced highway
technology. Appendix B summarizes these studies.

Finally, the classic cost-benefit approach and some
thoughts on it relative to the task at hand are dis-
cussed in Appendix C.

THE TAXONOMY

In this chapter, we present a taxonomy of IVHS
benefits intended to illustrate the range of benefits
that accrue and the diverse groups which they impact.

A taxonomy is a useful way to categorize the com-
plete set of IVHS benefits to groups in our society
which share or participate in these benefits. The
categories in the taxonomy partition the set of bene-
fits. The taxonomy we envision has three dimensions
— benefits, impacted groups, and technologies.
Figure 1 presents a taxonomy of benefits for IVHS,
showing benefit categories (as rows) and impacted
groups (as columns). To simplify, we have not shown
technologies in this representation. Four major
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categories of benefits are envisioned (travel, eco-
nomic, environmental, and information). Categories
of impacted groups include users, the general popula-
tion, and various organizations. In Appendix D, we
give a more detailed listing of benefit categories and
impacted groups.

We aso expect IVHS to impact many diverse large
and small groups in our society. The groups are not
mutually exclusive. They include al of us, wearing
different hats at different times, but al benefiting
from IVHS To start with, we expect to benefit as
users of IVHS, both directly, and as a result of

others using 1VHS to improve the operation of our
transportation system. We aso benefit as non-users
when we enjoy economic growth and lower air
pollution, etc. The organizations we work for and
invest in, whether public or private, also benefit from
improved productivity and efficiency, both as trans-
portation operators, and as industries minimizing their
transportation costs and increasing their international
competitiveness.

Since transportation operators and planners are
continually concerned with the costs and benefits of
their actions, the need for benefits classification
schemes is not new. The taxonomy idea builds on
considerable previous work, and we do not expect it
to be controversial.

Figure 1 Taxonomy of Benefits from IVHS

Impacted Groups

rime, Costs, etc.)

Users General Population Organizations
(Groups)
Urban, Rurdl, | other Trans- Non- Public Private Sector

Categories of Benefit Elderly, portation Sys- | Users Sector

Suburban tem Users

Commuter Operators Operators Industry
Travd
Safety, Mobility, X x

Economic
Productivity,
Growth, Competitive,
etc.

Environmental
(Pollution, Neighbor-
iood Impacts)

Information

‘High Payoff,
Construction,etc/

X

X X

What may be new to some is the need for, or useful-
ness of a taxonomy in the first place. Some people
may feel that a simple list of the haf-dozen or so
most important benefits of MHS (e.g., safety,

Mobility 2000
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mobility, etc.) will suffice for Mobility 2000. How-
ever, taxonomies may be used for many purposes:

e Their inclusiveness provides perspective and
minimizes omission of important benefit catego-

March 1990
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ries and impacted groups; (i.e., protects against
items “faling between the cracks’);

® The way the categories are defined shows which
benefits to which people are most important;

® The taxonomy highlights the distribution of
benefits as much as their aggregate; and

® Keeping separate the major categories of benefits
helps maximize the returns to society from public
investments.

With regard to the last item, market forces help
guard against routinely poor investment decisions in
the private sector. However, in evaluating the bene-
fits from public investments, market forces are often
weak, and we must make a deliberate effort to insure
that our transportation investments make a positive
contribution to the many diverse areas of our econo-
my, and groups in our society. More public invest-
ment can only result in net benefits if the right tools
are available and actually used to forecast benefits.

Therefore, the first step in this process is to identify
al the benefits and how they distribute themselves
throughout our society. This is the purpose of the
taxonomy.

As one scans this taxonomy, several important points
become clear.

1. There are a very broad set of benefits that can
accrue as a result of deployment of IVHS.

2. The set of impacted groups is likewise very
broad.

While it would be naive to suggest that the M-IS
benefits would be uniformly distributed across the
population (after all, for what complex system is this
true?), it is reasonable to suggest that there are
benefits for many important groups, who can play a
role in building a constituency for an IVHS For
example:

e While urban America achieves significant bene-
fits, there are important benefits for the rural
population as well.

e While the journey to work benefits are quite
important, the recreational traveler will benefit as

e While the auto traveling public will clearly be a
major beneficiary of IVHS implementation, the
transit industry and the transit user will benefit
as well.

o While the conventional auto driver will benefit,
there are important benefits that accrue to fleet
and commercial operations as well.

e While IVHS will benefit travelers across all age
groups, particular benefits will be provided to
elderly drivers.

Later, in this Benefits Group report, we provide
detailed descriptions of many benefits. We intend
these descriptions to be informative of the size and
range of benefits from IVHS, rather than totally
inclusive of al benefits. It is the taxonomy itself that
alows us to be totally inclusive, so the comprehen-
sive benefits are not lost.

NonN-OPERATIONAL BENEFITS OF IVHS

Many people, when they think of benefits of IVHS,
think in terms of operationa benefits (e.g., safety,
improved travel times). While these are important
(and indeed are expanded upon in Chapter 3), there
are other benefits that do not relate to system opera-
tions per se. Limiting our perceptions to operations
alone will underestimate the case for IVHS.

Among these non-operational benefits are the follow-
ing:

1. The Market Opportunity of IVHS for the Auto-
mobile and Electronic Industry

IVHS could represent a significant business oppor-
tunity for automakers and the electronics industry.
IVHS would add novel functionality to automobiles,
and this increased functionality would increase the
value of the automakers product. This increase in
product value translates into expansion in the overall
automobile market and would bring with it new
business opportunities for companies that serve that
market. In short, IVHS gives producers an opportu-
nity to sell a wide range of new and enhanced prod-
ucts.

In 1987, Daimler-Benz of Germany predicted that
electronics will account for between 20 and 30

well. percent of total automobile production costs by the
year 2000. That would be a whopping 50 percent
increase over the 1987 levels, and it would take place
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in just 12 years. Obviously, this growth in the
application of electronics is a tremendous market
opportunity. Furthermore, the value of this market is
even greater than might appear, since profit margins
in vehicle electronics can be higher than margins for
the vehicle as a whole.

This kind of market analysis led European auto-
makers to join together in the PROMETHEUS
research program. PROMETHEUS is a large-scale
collaborative effort to develop the IVHS technologies
that will be the driving force behind this rapid growth
in vehicle electronics. Automakers in PRO-
METHEUS see IVHS as a determining factor on the
medium-term evolution of vehicle transportation, and
they intend to promote and benefit from IVHS
technology. By investing in electronics they will
hasten this evolution and develop the capabilities to
be leaders in this new technology.

The commercial promise of 1VHS can be judged by
the large sums that these companies are investing in
the technology; PROMETHEUS has a budget of $800
million over eight years. This makes PROMETHEUS
the largest cooperative technology development
program to date in Europe, and IVHS one of the
most intensely pursued new technologies of the
1990’s. Significantly, this initiative, together with the
massive funding allocated to it, have come from
private industry in the pursuit of new product mar-
kets. More than any marketing study, an industrial
investment of $800 million is a strong argument that
IVHS represents a potential magjor market.

In summary, IVHS is a rea business opportunity for
automakers. By adding new functionality to vehicles,
IVHS will add value to automakers products and
lead to profitable new markets. Overseas manufac-
turers are already acting on positive market forecasts
with an $800 million investment in IVHS technology
development.

While we can envision a United States IVHS system
purchased from overseas, clearly a major market
opportunity would be missed if this were to occur.

2. Other Market Opportunities

In addition to the market opportunities outlined
above, IVHS technology suggests a whole new set of
business opportunities in the information systems
area. Entrepreneurs will see many possibilities for

Mobility 2000
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providing information based services using the
infrastructure and on-board devices developed as part
of an IVHS system.

Further, the development of IVHS enhances the
feasibility of private sector entry into the provision of
transportation services that have been public sector
dominated. The ability to track vehicles and bill for
services enables a potential new set of entrants for
highway transportation service.

3. Benefits to the Research and Educational Com-
munity

The last decade has seen both a diminution of re-
search funds and concern for manpower needs in the
transportation field. Special TRB reports have decried
the former, and the latter has been highlighted as the
critical problem in State DOT’s and in the consulting
community.

An extensive effort in IVHS can have a profound
effect upon these problems. A major research pro-
gram in an exciting area like IVHS, based on cutting
edge technology, would send a signa to the young
people of the United States that transportation is a
field of the future. It would have the effect of raising
the level of consciousness about transportation as a
“high-tech” field in our undergraduate programs,
leading to more interest in graduate programs in
transportation. Research funds would be helpful in
providing assistantships for the talented people we
would attract. These people would then go on to
make contributions to the transportation field through-
out their professional lifetimes.

Thus, in addition to the transportation benefits of
IVHS implementation, we foresee long-term benefits
for the transportation profession and the education
and research communities as well.

4. Spin-off Technologies

As with many major research programs, it is expect-
ed that there will be positive unplanned side effects.
The U.S. Space Program led to the accelerated
development of many consumer products, and there
is reason to expect that an extensive research effort in
IVHS will lead to the development of concepts,
ideas, and products that cannot be foreseen at this
time.

ConcLusi oN
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IVHS has the potential to change society in important
and fundamental ways

For example:

e In the current environment of international
competition and the need for productivity in U.S.
industry, IVHS has the potential for having a
major positive impact. changes in the way
transportation is provided and the very structure
of logistic systems can evolve from IVHS inno-
vations. As business becomes global in scope,
these changes will be of increasing importance.

e The structure of urban, suburban, and exurban
land use brought on by IVHS could be profound.
Changes in housing and land development pat-
terns, in access to jobs, in lifestyle, and leisure
time available can have important impact upon
the fabric of our society.

e Accessibility to safer, less congested transporta-
tion services for a broad spectrum of our popu-
lation will have a profound effect on the quality
of life

We have outlined a broad and comprehensive set of
potential benefits that will accrue upon IVHS deploy-
ment. We recognize that a large fraction of IVHS
benefits will fall in several major categories as
follows:

e Safety
e Congestion, Energy, and Air Quality
. Mobility and Infrastructure

These benefits, which we deem of particular quanti-
tative and political importance will be explained in
detail in Chapter 3. Through this analysis, we can
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conclude that substantial benefits are available
through a deployment of IVHS

SAFETY BENEFITS OF IVHS
| NTRODUCTI ON

Since Intelligent Vehicle-Highway Systems bring new
levels of information and control to the operation of
motor vehicles, the concept promises major improve-
ments in traffic safety. The basic premise is that the
driver will obtain help from technological assists so
as to reduce the probability of colliding with other
vehicles or running off of the road.

In the development of a “safety technology” for
highway transportation, the deployment of IVHS will
represent a watershed. The issue is one of focus. The
world-wide effort to improve traffic safety since the
sixties has been based on the assumption that acci-
dents will happen, but steps can be taken to lessen the
consequences. Thus, we have adopted many useful
measures that improve the crashworthiness, or so-
called “secondary safety,” of the vehicle and road-
side. Having now “skimmed the cream” from our
crashworthiness options, however, it is far to say
that safety improvements in the future must focus on
the arena of accident prevention, or “primary safe-
ty.”

Clearly, it is toward the prevention of accidents that
many IVHS functions are directed. A premise of the
European PROMETHEUS program, for example, is
that 50% of al traffic accidents can be prevented if
the driver is given another half-second of advanced
warning. Accordingly, PROMETHEUS has been
structured with a heavy emphasis on sensing and
inter-vehicle communications so that the driver is
warned automatically, with enough lead time to
enable collision-evasive actions.

In this country, technologies for improving primary
safety are an essential part of the envisioned IVHS
program. Such systems will be of value to al road
users over all geographical regions - no political
constituency will fail to benefit from the safety
impact of IVHS. The benefits in question are pro-
found, providing much higher levels of protection for
life, limb, and property. The long term prospect is
that IVHS will take a large bite out of the current toll
of approximately 47,000 fatalities, 150,000 perma-
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nent impairments, 1,650,000 recoverable injuries,
and $70 Billion in lost wages and direct costs. The
FHWA has estimated that the direct economic burden
is supplemented by another $20.3 billion, per the
“willingness to pay” approach, when one considers
the public’'s valuation of pain and suffering.

Within these totals, the rural community has the most
to gain if the threat to life is reduced, since 57 % of
al fatalities now occur on rura roads. Accidents
incurred by the urban commuter are more numerous
but less severe, causing tie-ups which account for
half of all traffic congestion and thus burden the
nation with reduced productivity.

Noting that these human and economic costs power-
fully reduce the quality of American life, the question
to be addressed here is, “what portion of these losses
is likely to be eliminated by IVHS? The reduction
in accidents due to IVHS technologies has been
estimated here through a scheme that is presented in
section 2.

EstiMATE OF SAFETY PAYGHF

An estimate of the likely magnitude of the safety
benefits accruing from IVHS technologies is pre-
sented here, incorporating the following elements:

a collision categories by which we can link acci-
dent statistics to specific IVHS functions or
technology groups,

e anestimated rare of penetration of IVHS prod-
ucts into the total vehicle population, according
to the three defined phases of implementation,

e an estimate of the potential effectiveness of each
IVHS function in terms of the likely reduction in
accident rate for each of the corresponding
collison types,

e the resultant savings in the human and economic
costs.

COLLISION CATEGORIESLINKED TO IVHS FUNC-
TIONS

Accidents can be grouped into collision types, each of
which poses certain requirements for effective pre-
vention through technology. For the purposes of this
discussion, the selected accident types are those seen
as most amenable to prevention by 1VHS technology,
thus targeting a specific matrix of collision prevention
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problems for estimation of possible benefits. These
accident categories represent 78% of al fatal acci-
dents as reported through the 1987 Fatal Accident
Reporting System (FARS), encompassing the follow-

ing types:

e off-road accidents — involving rollover or colli-
sion with fixed objects (36 % of al fatalities)

e angle collision (18 %)

e angle collision (18 %)

e head-on collision (17%)
e rear-end collision (5%)
e sideswipe (2%)

Taking each category in turn, the prospect for reduc-
ing the accident rate through technological assists can
be examined.

Off-Road Accidetns

Fixed objects are struck only when the vehicle
departs from the travelled way. Similarly, most
rollover accidents, which themselves account for 9 %
of al fatalities, occur off the edge of the road. Thus,
in order for a vehicle to strike a fixed object or roll

over, it must take an excursion beyond lane bound-
aries and off of the shoulder. IVHS technologies
offer to either (1) sense the location of lane bound-
aries, using an electronic imaging system plus,
perhaps, cooperative lane-edge markings or (2)
determine through a precision locating system the
absolute position of the vehicle vis-avis the continu-
ous lane boundaries. Then, upon deducing that an
off-road excursion is imminent, a driver warning or
automatic control intervention could be engaged. In
Germany, the U.S., and Japan, automatic systems
capable of lane-edge detection and, in some cases,
path correction are aready under development. In
some cases, sensing systems for detecting lane edges
are also able to detect vehicles and other obstacles in
the near field of view. While much refinement is
needed before these concepts will be implemented,
progress aready achieved shows that this largest of
all categories, off-road accidents, is a prime candidate
for reduction through IVHS technology.

Angle Collisions

The majority of collisions between vehicles approach-
ing at oblique angles and from the side occur at
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intersections. In most of these cases, a patently
erroneous decision is made by at least one party to
proceed, in violation of another’s right-of-way. In the
common scenarios, people pull out from stop signs
into the paths of others, they turn left across opposing
traffic, and they violate signalized traffic controls.
IVHS provides a special opportunity to assist the
driver, in such circumstances, so that improper
judgements and failure to perceive other vehicles is
minimized. Especialy since at least one of the parties
should be stationary at an intersection, there is
considerable time available for a warning to be
provided and heeded. Accordingly, technology which
automatically senses, or continualy tracks the coordi-
nates Of, oncoming vehiclesand otherwise knows the
right-of-way status can directly advise the driver that
it is unsafe to proceed. The warning can be visual or
audible or both and a control intervention can be as

simple as keeping a stopped vehicle stopped.
Head-on Collisions

On non-divided highways, head-on collisions are
relatively rare but highly lethal per event. Thus, the
head-on accident type shows up prominently in fatal
accident data. Clearly, when one vehicle crosses
abruptly over the highway centerline, the rapid rate
of closure with oncoming traffic may leave little time
for collision prevention. Nevertheless, a motion-
detection system may be able to anticipate that cross-
over of the other vehicle is pending, before the
trespasser arrives, and warn the approaching innocent
driver that evasion is needed. Conversely, a lane-
edge detection and path-prediction technology could
provide warning, if not control assist, to the trespass-
ing vehicle so that the initial cross-over is avoided or
its extent of penetration minimized. Systems of this
type are seen as lying on the more challenging end of
the spectrum of IVHS safety technologies.

Rear-end Collisions

Although rear-end collisions account for only 5 % of
fatalities, they constitute on the order of 20% of al
accidents, many of which are of low severity. Rear-
end accidents are also the dominant type which delays
traffic on congested expressways. Since the relationa
position between vehicles is simple in the rear-end
case, this accident type is looked upon as readily
treatable through an advanced sensing and control
technology. Further, it is apparent that much of the
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hardware needed to deal with the rear-end accident
problem also offers utility for dynamic headway-
keeping. Thus, systems providing good protection
against rear-end collision are expected to follow on
the heels of headway-keeping systems which may be
motivated by the desire for driver comfort and
increased highway throughput.

Anti-lock brakes, an important enabler for systems to
prevent rear-end collision, are rapidly penetrating the
vehicle market and are expected to reach 70% of new
vehicle sales, and 30% of the extant vehicle popula
tion, by the year 2000. The anti-lock development is
significant because automatic braking for collision
avoidance requires anti-lock, as well, to assure
controllability. With the enablement provided by anti-
lock technology, prevention of rear-end acctdents is
seen as another prime candidate for relatively early
benefits through IVHS technology.

Sde-swipe Collisions

The side-swipe category includes many cases that
could just as well have resulted in a head-on or rear-
end type accident, had the vehicles moved further
into an overlapping placement. Thus, comments made
above relative to head-on and rear-end accident
modes are pertinent here, as well. An additional
consideration is that, for same-way traffic, it is not
uncommon for one driver to change lanes into the
path of an overtaking vehicle. This so-caled “blind
spot” problem is currently the subject of develop-
ments using ultrasonics, infrared, and radar-type
sensing technologies. Since the relative approach
speeds are typically low, the same-way sideswipe is
thought to be reasonably treatable through IVHS
technologies while, as in the head-on case, a side-
swipe in opposing traffic is not.

Aggravating Environments

Common to all accident categories are certain aggra-
vating aspects of the highway environment which
influence accident risk and pose opportunities for
treatment through 1VHS technologies. Approximately
55% of all fatal accidents occur at night, for exam-
ple, even though nighttime mileage accounts for only
25% of al travel. Two large elements of the night-
time safety problem involve acohol impairment
during leisure hours and poor visual acuity in the
dark. Advanced technologies have been demonstrated
for dealing with both of these factors. Approaches
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toward detecting and warning of unsafe driver im-
pairments have employed, for example, artificial
intelligence and an “interpretation” of the driver’s
steering behavior relative to an observed norm for the
individual.

Major improvements in nighttime acuity have been
achieved through infrared enhancement of the for-
ward field of view out the windshield, contrasting the
infrared “brightness’ of people, animals, and vehi-
cles relative to the cool, neutral background. The
direct detection and warning systems described earlier
can also aid in highlighting obstacles and lane edges
at night and in fog or snow conditions. The visua
acuity aids will be especialy useful for the elderly,
considering that the human ability to perceive night-
time images falls off in a wholesale manner with
aging. Moreover, impairment detection and vision-
enhancement technologies are not limited to the
avoidance of specific accident types such as runoff-
road, head-on, etc., but rather offer improved safety
over al accident modes.

Benefits Due to Overall Improvement in Traffic
Systems

While the collision-avoidance concepts discussed
above deal with the mechanics and human aspects of
accident production, there are also likely to be
systems-level safety advantages accruing from other
IVHS functions which lessen congestion, regularize
flow, and reduce the frustration of drivers and their
likelihood of getting lost. Such functions do not deal
with the few seconds during which a collision may be
imminent, but rather serve to condition traffic flow
and the driving population at large so that, hour after
hour, collision-precipitating conditions are reduced.

Research has shown, for example, that collision risk
rises by 150% when vehicles in the same traffic
stream have speeds differing by more than 10 mph.
One technology that has dealt with a major aspect of
this issue is ramp metering whereby the insertion of
cars at on-ramps is regularized through automatic
signals on the ramp. Ramp metering is a great
success story, having reduced freeway accidents by
20 to 40%, where implemented, while substantially
increasing throughput a the same time. Moreover,
future use of headway-control technologies which
regularize speeds and spacing within the traffic
stream can be expected to normaize the very envi-
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ronment which tends to generate accidents on multi-
lane roadways.

Some of the earliest IVHS deployments may serve to
reduce accidents through a more subtle conditioning
of the driving environment. For example, driver
information, systemswhich provideimmediate notice
of accident blockages ahead may soften the “shock
wave” which otherwise propagates back through
traffic when brake lights constitute the only means of
warning of a sudden disruption. If traffic is diverted
away from an accident site with the aid of a motorist
advisory system, a shorter queue will form, fewer
vehicles will be caused to brake rapidly upon ap-
proaching the site, and the disturbance will clear
more rapidly following clean-up.

In addition, the provision of automatic route guidance
will result in fewer vehicle miles being driven in the
confused and somewhat risky state that otherwise
attends being lost. Recent research has concluded that
such wasted miles, which may be largely eliminated
through navigation aids, are on the order of 6 % of al
VMT. Also, IVHS concepts which increase ride-
sharing by providing special features only on HOV
lanes of the highway, or which make transit services
more accessible and attractive, stand to further reduce
the net traffic demands on the road system. Traffic
advisories displayed on large screens in shopping
malls or other public buildings, or eventualy even
piped into home or office computer terminals will
enable rational trip planning and the avoidance of
inefficient travel.

Beyond the packaged technologies for accident
avoidance and information-based services, the long-
term prospect of automated highways offers a robust,
integrated, means for controlling the steady separa-
tion of vehicles as well as the inter-vehicular move-
ments within the stream. This is hands-off driving.
As such, its safety benefit depends almost entirely
upon the reliability of the hardware, itself. If a net
safety improvement is to be made, the reliability of
automated highways must exceed the already-high
conventional level of approximately one million
vehicle miles of safe travel for every injury accident.
Nevertheless, as the reliability of automated highways
approaches 100%, the safety benefits will approach
the full magnitude of the current accident costs on
conventional roads.
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Estimates have been made of the benefit of collision-
prevention technologies, recognizing that a certain
technology might contribute to the treatment of more
than one accident type. These estimates are employed
in the next section as an example illustration of the
net safety benefits of 1IVHS.

AN ExaMPLE COMPUTATION OF SAFETY BENEFITS,
GIVEN A SpeciFic ExpecTtATION ONIVHSDE-
PLOYMENT

As each of the IVHS safety technologies comes into
popular use, it will effect a reduction in certain types
of accidents. This section lays out, by way of exam-
ple, a numerical estimate of the accident reductions
that would accrue if certain technologies came into
usage according to a forecasted schedule of IVHS
deployment.

Following the adopted schedule for a 3-phase imple-
mentation of IVHS, the rate of penetration of such
technologies into the vehicle population has been
projected over the next twenty years. The penetration
projections are derived from the results of a study
entitled, “The Future of Intelligent Vehicle-Highway
Systems...a Delphi Forecast of Markets and Socio-
technological Determinants. " This survey, conducted
by the University of Michigan during the summer of
1988, compiled the views of 32 pandlists from U.S.
government agencies and corporations on the likely
deployment of 1VHS, according to selected groupings
of information and control technologies.

In the tabulation to follow, the previously discussed
accident modes will be listed using the abbreviations
shown below:

Abbrev . Accident Type % of fatal acct.
OR Off-Road 36%
AN Angle 18%
HO Head-on 17%
RE Rear-end 5%
SW Sideswipe 2%

The effectiveness of atechnology for preventing each

of the given accident types has also been estimated.
The effectiveness level expresses the percentage of
current annual accidents of each type that would be
eliminated if the technology achieved a 100% pene-
tration in the vehicle population. It is assumed for
this discussion that alinear reduction in accidents

accrues as a function of the technology’s penetration.
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A “bottom line” net benefit for each technology is
then computed by multiplying the percent penetration
of the hardware into the vehicle population times the
percent effectiveness in reducing a given type acci-
dent times the percentage of all fatal accidents that
are of that type. For example, if a blind-spot warning
system reaches a 10% penetration of the vehicle
population and is thought to be 20% effective in
preventing sideswipe accidents, which themselves
constitute 2 % of al fatal accidents, then we compute
a reduction in the annual total of al fatalities as:
(0.10 X 0.20 X 0.02 = 0.0004, or expressed as a
percentage = 0.04 % .) Where more than one technol-
ogy has payoff for a given accident type, the listed
percentages are considered additive.

Finally, the net reduction in the annua incidence of
fatalities is listed in the tables, to follow, as a benefit
attributable to a portfolio of IVHS safety technolo-
gies. The tables are presented here as an example of
the benefit calculation, considering the optimistic
implementation schedule (per the University of
Michigan's forecasting methodology) which assumes
that the federal government and American industry
become strongly involved in a national IVHS pro-
gram. Examination of all survey data from the
University of Michigan survey reveals that rather
wide variance exists in the projected penetrations and
that the magnitude of the variance, itself, varies by a
factor of two to three from one type of IVHS tech-
nology to the next. Thus, one should recognize that
the illustrated estimates are based upon the median
forecasts, only, and that they are offered here as a
baseline example from which extensive sensitivity
analyses could be performed.

The estimates of % effectiveness are simply judge-
ments based upon knowledge of the widely-varying
situations involved in real accidents. In estimations of
the % effectiveness, the reader will note that the first
IVHS technologies to be deployed are assumed to
work well only in relatively simple collision modes
while failing to prevent accidents in more
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Phase 1 — to be achieved by 1995

Safety Technology Feature Penetration | % Effectiveness per % Reduction in
Accident type Fatalities
OR | AN | HO | RE | SW
warning to apply brakes to avoid collision 1% - 30 - 20 - 065
Waming of vehicle in blind spot 1% - - - - 20 .005
driver impairment warning 1% 10 | 5 10 5 5 .065
nighttime vision enhancement 1% 5 5 - 5 - .03
First Phase Total .17

Phase 2 — to be achieved by 2000

Safety Technology Feature Penetration | % Effectiveness per % Reduction in
Accident type Fatalities
OR | AN [HO | RE | SW
warning to apply brakes to avoid collision 10% - |30 - | 20 - 0.065
Waming of vehicle in blind spot 10% - - - - |20 0.05
driver impairment warning 5% 0] 5|10 5 5 0.065
nighttime vision enhancement 5% 5 5 - 5 - 0.06
headway control, auto braking 1% - 12| - |60} - 0.06
lane-edge tracking & warning 1% 40 | - 10 | - - 0.15
Second Phase Total 1.7%
Mobility 2000 Dallas — March 1990 Page 11
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Phase 3 — to be achieved by 2010

Safety Technology Feature Penetration | % Effectiveness per % Reduction in
Accident type Fatalities
_—_— e
OR | AN | HO | RE | SW
warning to apply brakes to avoid collision 50% - 13} - 12| - 3.24
Wamning of vehicle in blind spot 50% - - - - 20 0.25
driver impairment warmning 50% 10} 5 | 10| 5 5 3.24
nighttime vision enhancement 50% 5 5 - 5 - 1.5
headway control, auto braking 25% - 20 - 60 - 1.5
lane-edge tracking & warning 25% 40 - 10 - 5 3.7
robust collision prevention systems 10% 701 70 | 70 | 70 | 70 5.5%
automated highway 1% 90 | 90 | 90 [ 90 | 90 0.01
Third Phase Total 18.9%

complex situations. Later, more robust systems are
expected to appear which reflect the accumulated
learning from earlier systems and which deliver much
higher levels of collision protection. Insofar as the
computed reduction in annual fatalities results from a
multiplication of the penetration estimate times the %
effectiveness estimate, the result is sensitive to a
compounding of the variances in both estimates.

CONCLUSIONS

The results tabulated above represent rough estimates
of potentia reductions in the fatal accident rates, not
including the benefit due to technologies that change
the traffic environment, itself. The results are based
upon only that 78% of all fata accidents where the
collision types appear most amenable to warning and
control countermeasures.

There is also a large indirect benefit in reduced
traffic delay due to prevented accidents in congested
areas. If, as research suggests, rear-end accidents
account for 70% of all accidents on congested free-
ways and if 50% of all such delay is due to accidents,
the elimination of 3 1% of rear-end accidents by the
year 2010 (obtained by multiplying the elements of
the table, above) would, by itself, reduce total delay
on freeways by 11 % .
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The trend in results computed over the three phases
reveal the classic progression that attends any new
product or technique that must penetrate an existing
population in order to render aggregate benefit. The
exponential nature of the benefit accrua over time
will, of course, eventually saturate as the penetration
becomes complete. The rate of penetration is nsing
so fast by the year 2010, for example, that in only
another 10 years the reduction in fatalities would top
50%.

It is straightforward to convert the above percentage
reductions into total savings by simple proportioning
according to the current annual totals of fatalities,
injuries, and direct economic costs (assuming the
FHWA-adopted “willingness to pay” approach for
converting risk of bodily harm to equivalent dollars.
This approach assigns a cost of $1.5 M to a fatality
and $11,000 as an average cost of an injury.) Fur-
ther, in arriving at absolute savings, the numbers
should reflect the anticipated rise in total accident
volumes which would prevail if there were no IVHS
improvements for the years, 1995, 2000, and 2010.

To reflect the rise in total accident volume, we have
employed NHTSA's projections of annua fatalities,
which the agency has derived as a rather conservative
linear projection from historica data. With 1988 as
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the base year, having 47,000 fatalities, the subsequent
milestone dates have fatality projections (without
IVHS) as follows:

Year Total Fatalities w/o IVHS
1965 51,500
2000 54,500
2010 61,000

A bottom line of fatality reductions through IVHS
technologies is then computed simply by multiplying
the above fatality projections times the percent
savings accruing at each milestone year cited above.
Projected savings in injuries and total economic
burden, as well, were obtained by simply pro-rating
them, given the numbers of fatals, according to the
same proportions as exist in the current accident
statistics. Further, the economic costs are expressed
in constant 1988 dollars. We thus obtain the follow-
ing numerical values:

These benefits represent a yield that is estimated to
accrue simply through accident prevention technolo-
gies if IVHS is developed vigorously, with the aid of
a national program in the U.S. having strong federal
funding and involvement of the automotive and
electronics industries. By the year 2020, the annual
savings are estimated to exceed 33,500 lives, 1.3
million injuries, and $64.5 billion in associated costs,
respectively. These numbers do not include the
additional benefits of overall reductions in accident
rnisk due to smoother traffic flow, reduced miles
travelled while the driver has lost the way, and
reduced auto usage due to easier ridesharing, trip
planning, and transit use, etc., as discussed earlier.

Also, it is generally recognized that the commercial
application of IVHS will advance more rapidly than
in other sectors. Thus, the more rapid decline in
truck collisions (which are more lethal) would tend to
bring about net accident savings that exceed those
estimated on the basis of an equal rate of IVHS
deployment across all vehicle types. Further, as
mentioned earlier, the rural community would tend to
derive the greater benefit in reduction of severe
crashes, since crash severity is also strongly

Baseline Estimate of IVHS Safety Benefits

L Phase Year Lives Saved/Yr. Injuries Saved/YT. $ Saved/Yr.
1 1995 88 3,060 $167,000,000
2 2000 927 35,500 $ 1,800,000,000
3 2010 11,529 442,000 $22,200,000,000

determined by vehicle speeds which are, of course,
higher on the rural road network.

A Lower-Range Estimate

One example of the sensitivity of the benefit estimates
to variation in the component figures is provided
here, in the form of a lower-range estimate. The
sensitivity illustration assumes that the penetration of
IVHS technology into the vehicle population is
delayed by 5 years relative to the Delphi estimates
and that, when deployed, each technology is only half
as effective in reducing accident risk as was estimated
in the 3-phase tables presented above. The delay
increment shows the price to be paid in deferred
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accident reduction if the deployment of IVHS is
postponed, or conversely, shows the incentive for
accelerating deployment. The simultaneous reduction
in estimated effectiveness shows the incentive for
development of highly effective technologies. By this
combined scenario, the annual benefits due to colli-
sion prevention technologies would reduce in the
three projected phases to the following:
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Lower Range Estimate

(5-Year Delay in Deployment Schedule and 50% L ower)

Safety Effectiveness of all 1IVHS Technologies

Phase Y ear Lives Saved/Yr. Injuries Saved/Y r. $ SavedlYr.
1 1995 1 50 $2,,300,000
2 2000 46 1,780 $890,000,000
3 2010 2,200 84,000 $4,200,000,000

By the year 2020, benefits according to the lower
range illustration would come to an annua total of
11,000 lives, 416,000 injuries, and $21 billion in
associated costs. Obviously, the much lower savings
of life, limb, and money relative to the baseline case,
especialy in Phases 1 & 2, are driven most strongly
by the 5-year delay in deployment and only to a far
lesser extent by the assumed 50% drop in effective-
ness. Thus, while these figures roughly portray the
sensitivity of the projected savings to the estimation
accuracies, they also quantify the benefits to be lost
if the U.S. delays in making an 1VHS-enabling
policy.

THE BENEFITS OF IVHS RELATIVE TO CON-
GESTION, FUEL CONSUMPTION. AND AIR
QUALITY

Repucep  CONGESTI ON Beneri s o IVHS

The benefit most often visualized of IVHS is the role
it will play in reducing congestion. Table 3 provides
a list of measures related to the benefits of reducing
congestion. For example, the primary function of
Advanced Traffic Management Systems (ATMS)
operating together with Advanced Traveler Informa
tion Systems (ATIS) is to provide for a smoother
flow of traffic which will alow vehicles to reach
their destinations with fewer stops and reduce the
delays caused by current demand exceeding capacity.
These systems are able to better utilize the capacity
of the current system by shifting traffic from routes
of inadequate capacity to routes with excess capacity.
They can aso eliminate excess driving brought about
by inadequate knowledge of the system. One might
think that most drivers know exactly the route they
need to take, and thus no gain is to be made from
ATIS. Certainly, the daily commuter knows well the
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route from his home to work, however, he does not
know of impending congestion on the route, accident
locations, road maintenance, and the like. Studies by
Lindley and others have shown that over one-half of
congestion is due to non-recurrent factors. Even the
daily commuter could gain the knowledge to avoid
that percentage of congestion on his daily drive to
work.

Advanced Vehicle Control Systems (AVCS) are more
concerned with improving safety than congestion,
however, as pointed out above, a significant amount
of current congestion is caused by non-daily events,
including accidents. Thus a collision avoidance
system that eliminates a rear end collision will aso
eliminate the congestion caused by the lane blockage
as well as the traffic that slows in order to “rubber
neck.” In fact improved safety and reduced conges-
tion are invariably interrelated. Reducing congestion
reduces stops and other speed changes which will
reduce accidents, which in turn will further reduce
congestion. The more advanced of the Vehicle
Control Systems, such as the automated roadway,
also offer the promise of increasing the capacity of
the current roadway system.

The California PATH program anticipates increased
freeway capacities of more than double resulting from
automatic headway and lateral guidance. This by no
means represents a theoretical upper limit of the
possible capacity increase. If automated lateral
control allows us to operate with 6 feet wide lanes
instead of 12 feet wide lanes, and automated longi-
tudinal (headway) control alows half second head-
ways instead of two second headways an eight times
increase in capacity is obtained.
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Commercial and Fleet Management systems will
benefit from congestion relief in two ways. First,
their drivers will receive the same benefits that will

accrue to drivers in general. Second, total trip times

will be lower and of equal importance, trip times will
be predictable. The customers will benefit by reduced
costs, and dependable pick-up and delivery times.
On-time supply is also becoming a world of on-time
shipping. Not only is it less expensive for a business
not to have an inventory of raw materias but it is
equally or more important not to have an inventory of
finished product. ATIS benefits commercial vehicle
management as well. Not only does the commercial
vehicle driver need to know his location and the
location of his next stop, but management needs to
know the location of the vehicles in order to respond
to changing conditions. Thus the drivers question of,
“Where am 1?7’ has added to it, “ Where are you?’

Just as the commuters' best route and departure time
to work may be changed by congestion and accidents,
the commercia vehicle's optimum schedule and route
can be changed by the same factors. In either case,
volumes at accident sites are educed which reduces
both accidents and congestion.

TABLE 3 Congestion Measures

A. Impact of reducing congestion for urban and suburban
commuters and the general population.

Reduced stops and delay — reduced travel time

Reduced fuel consumption

Reduced vehicle operating costs

Reduced driver and passenger stress

Reduced arrival time unpredictability

Reduced emissions

Reduced emergency response time

Reduced insurance costs

Reduced reluctance of older drivers to venture onto

system

Q@ ~poooTp

B.  Impact of reducing congestion for retailers and manufacturers
Reduced shipping costs

Reduced warehouse space

Reduced production delay

Reduced worker stress

Reduced transportation equipment costs

Reduced transportation employee costs

Reduced customer impedance

@ -0 o0 o®

C. Impact of reducing congestion for movers of goods and
people and emergency vehicles

a  Reduced operationa costs

b.  Reduced vehicle fleet

c.  Reduced number of transportation workers

d. Reduced rider apprehension, resistance to use transit
Mobility 2000
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e.  Reduced response time

MEASURING AND QUANTIFYINGIVHS CONGESTION

RELIEF BENEFITS

Figure 6 shows a useful economic analysis frame-
work for measuring IVHS congestion relief benefits.
It consists of conventional supply and demand curves
for travel in a typical area of the country. The
demand curve, Do, and the supply curve, S, are
intended to represent current conditions without any
IVHS system. Do shows the volume of travel which
would occur at any given travel time or level of
congestion. Do shows that as congestion is reduced,
more travel will be consumed by the population of
the area

The supply curve, So shows the volume of travel
which the existing transportation system can supply at
any given level of congestion of travel time. Asthe
volume of travel increases beyond a certain point,
congestion sets in and travel times increase. Any
transportation system has its zero-delay volume
limits, beyond which travel time increases monotoni-
cally, normally at an increasing rate as volumes
increase further.

A very important goal of IVHS and al other trans-
portation improvements is to provide transportation at
a lower cost. We represent that cost by travel time in
Figure 6. In reality, travel costs include al the
mobility related costs that individuals value when
making their travel decisions (and that society values
more than the sum of the individual travel utility
values since so many of the costs of travel (eg., air
pollution) are not “internalized” by the traveler).

The point at which the demand and supply curves
intersect represents the “equilibrium” volume of
travel consumed, and the “price” or travel time at
which the travel is supplied. This intersection of Do
and So in Figure 6 is at to travel time and Vo volume
of travel. This represents in the aggregate the total
travel time and volume on the existing transportation
system (without 1VHS).

Supply curves for three types of IVHS systems are
shown in Figure 6. Also shown are supply curves for
two levels of investment and technological advance-
ment for AVCS (Advanced Vehicle Control Sys-
tems). The supply curve nearest S represents ATMS
(Advanced Traffic Management Systems). These
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systems increase the capacity of the roadway system
through better signalization and ramp metering which
directly controls the use of roadway space at any
given moment. ATIS (Advanced Traveler Information
Systems) can increase the capacity of the system still
further by better routing of vehicles through the
network. This routing can be driver optimized by
furnishing real time system status information, or it
can be system optimized by furnishing centrally
computed route guidance information. ATIS also can
provide information on more than just route choice.
In fact, its most significant benefits ultimately are
likely to result from the pre-trip information it
provides on the entire trip and possible alternative
travel choices (time of day, mode, destination,
residence location, etc.). This point is discussed later.

For the two AVCS system supply curves shown on
Figure 6, AVCS,, represents headway monitoring and
control schemes that are vehicle-based as discussed in
the AVCS report. These systems provide somewhat
more capacity on a given lane. AVCS, as described
also in the AVCS report, provides higher speed and
automated control which would reduce travel times
from those experienced today, even at low volumes.

The congestion reducing benefits from each of the
IVHS systems can be represented by the lowered
travel times at the intersections of the (constant)
demand curve and each of the supply curves in
Figure 6. This means t, minus t,, represents ATMS
benefits; t, minus t, represents ATIS acting together
with ATMS; t, minus t, represents ATMS, ATIS,
and AVCS, acting together, and so on. (Figure 6 is
not drawn to scale, so the reader should not scale off
these travel time changes on the figure.) The actual
total congestion benefit from each system or combi-
nation of systems is the change in travel time multi-
plied by the total volume under the demand curve.

For example, the benefit from an ATMS installation
would be V, (t, minus t,) plus (V, minus V) *
(t, minus t,)/2. The latter term is the benefit to new
travelers and is the area under the triangle between t,
minus t,, on the Y axis, and V, minus V, on the X
axis.

Figure 6 Analysis Framework for Measuring IVHS Benefits

It is important to understand that new travel will
result from IVHS improvements. Since IVHS im-
provements lower the cost at which a given volume
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of travel is supplied, and since demand curves
monotonically slope downwards, the new larger
equilibrium volume of travel will take place at a
lower cost. This provides travel ime/cost benefits for
both existing travelers and for new travelers *‘at the
margin’’ who are induced to travel (or travel farther)
by the lower costs at which travel is supplied by
IVHS.

It is also possible that in the long run, travel times on
a transportation system with IVHS improvements will
actually be the same as they were without the IVHS
improvements. Aside simply from growths in popula-
tion or income, this can result from longer trip
distances due to changes in the land use distribution
(settlement pattern) caused by the IVHS improve-
ments. People may choose to keep their total travel
time constant and increase the lengths of their trips to
work, shopping, recreation, etc.

Nevertheless, it is important to understand that there
are significant benefits from IVHS related to conges-
tion relief, regardless of how much induced or
additional travel results from the IVHS improvement.
We can measure these benefits using the analysis
framework in Figure 6. Indeed, the importance of the
analysis framework in Figure 6 is that the travel
time/cost benefits it measures are valid regardless of
how much additional travel is induced by IVHS. This
framework is the only way to measure the congestion
reducing benefits from transportation system im-
provements. This results from the widely accepted
transportation planning assumption that the benefits
from trip length increases resulting from higher
valued resident locations and other activities at the tip
ends, are equal (‘“‘at the margin’’), to the added
travel time/cost of these longer trips.

Therefore, we can avoid making value judgements on
the worth of different land use distributions, and
allow individual choice behavior (represented by the
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demand curve, Do) to determine the numbers of trips
made with each length and mode. We then

value those trips at the values used by the individuals
in making their travel decisions. This means that the
travel time differences in Figure 6 (e.g., 2 minus tl
can be valued at the travel time versus out of pocket
travel cost “utility” values of travelers. These utility
function values of time are fairly well researched in
travel demand forecasting. For example, for daily
trips to work, travel time is valued on average at
approximately 40% of the wage rate.

The big remaining question, therefore, is what are the
sizes of the o minus t1's we can expect from

Table 4 Travel Time of Adultsin the United States, 1976

(minutes per day)

Activity Weekday Saturday Sunday
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Work 24.0 30.4 7.7 22.0 4.6 17.6
Childcare 4.2 11.0 1.7 8.7 2.1 10.6
Shopping 17.9 23.6 21.6 36.4 8.5 21.6
Personal 14.9 27.8 19.3 50.4 18.6 46.4
Education 2.3 10.4 0.4 4.3 0.2 3.1
Organizations 3.4 9.8 2.7 12.2 12.1 37.6
Events, Social 8.9 16.2 19.6 43.4 18.0 34.5
Leisure

Active 3.3 14.8 8.5 48.7 8.2 38.1

Passive 5.4 5.4 13 6.8 17 9.9
Tota 80.2 82.8 74.2

IVHS. First, of course, this depends on the total cost
of the delay we experience in congested traffic today
in the U.S. There is no lack of estimates. A 1986
study estimated the cost of passenger vehicle delays
at 47 billion dollars per year in the U.S.

We can arrive at a 50 billion dollar per year estimate
for passenger vehicle delay very easily by multiplying
out the following reasonable assumptions.
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The average person spends 1/2 hour per day in
congested traffic, Delays equal (only) 25% of that
travel time, Multiply this delay by the U.S. popula-
tion, times 40% of the current average wage rate.

This calculation of delay per person is 25% of 30
minutes or 7.5 minutes per person per day. This is
less than ten percent of the daily average travel time
of adults in the U.S. in 1976 shown in Table 4. An
estimate of current total delay per person equal to ten
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percent of 1976 average travel time is likely to be a
minimum value.

In addition truck delays have been estimated to have
the same 50 hillion dollar value per year. The two
together total $100 billion per year. Lindley in a
recent ITE Journal article also predicts increases in
urban freeway travel of about 50 % by 2005, and
delay increases of 500 % or more if we don't improve
our current highway system. This means we're on the
steep part of the supply curve, So in Figure 6. The
values of automobile and truck delays in the future
may therefore be a multiple of the current 100 hillion
dollars per year. This doesn’t include fuel and other
operating costs, accident costs, and the lost productiv-
ity and economic growth due to this congestion.

The Texas Transportation Institute at Texas A&M
University has published a study of congestion in 39
cities in the U.S., which documents over $41 billion
in total congestion costs in these cities alone based on
1987 data. In this study, total congestion costs
include delays on both freeways and principal arterial
streets, fuel costs consumed while traffic is delayed,
and the differences between insurance costs in the
cities and statewide insurance costs exclusive of the
cities. A striking aspect of the study is that con-
gestion is not uniformly distributed among urban
areas. Los Angeles has the greatest cost of congestion
at amost $8 billion, and Corpus Christi, Texas the
least with $20 million per year lost. Cities with over
one hillion dollars annually in total congestion costs
includes. Los Angeles, New York City, Chicago, San
Francisco-Oakland, Washington, D.C. Philadelphia,
Detroit, Houston, Miami, Atlanta, Boston, and
Dallas. These twelve cities, have seventy-seven per-
cent of the $41 hillion annual congestion costs in all
39 cities.

How MUCH CAN BE SAVED BY REDUCING CON-
GESTION?

How much can IVHS reduce congestion? Referring
to Figure 6, how big are the to minus t1, S multiplied
by the travel volume? The first estimates for the Los
Angeles Smart Corridor Project (e.g., ATMS) are
that delays will he reduced by 20 % , travel time by
11-15 %, and number of stops at intersections by
35 %. It's important to recognize that the Smart
Corridor uses Changeable Message Signs (CMS) and
Highway Advisory Radio (HAR) externa to the
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vehicle — not ATIS m-vehicle information on system
status and individualize information on route guidance
for the vehicle.

Initial simulation results presented at the 1990 TRB
Annual Mesting in January by Hani Mahmassani of
the University of Texas at Austin indicated a 10%
reduction in delay by providing users (only) with
system status information. This result depended
strongly on volume conditions and is very prelimi-
nary. However, we can expect ATIS routes guidance
information to have more benefit in making better use
of network capacity since it allows routing vehicles in
the network according to system optimum, rather
than individual user optimumes.

Even more revealing were the results reported by the
same group, that with peak spreading — users
changing their time of travel — delays were reduced
by up to 50%. Again, this result depended on initial
volume conditions and is very preliminary. However,
it is an important illustration that there are sizeable
benefits from ATIS systems. It suggests that the big
benefits from IVHS in genera, and ATIS in partic-
ular, will come from changing people’s behavior not
just with respect to path choice, but for all the other
travel choices as well. These choices include:

« time of day, destination, mode,
e foregoing certain travel, and
« working at home, etc.

Quantifying how much IVHS technologies can reduce
congestion in urban areas depends on severa factors
not the least of which is the extent of IVHS penetra-
tion into the cities. Since realized benefits depend on
penetration, estimates must also be made of the rate
at which IVHS will be deployed. For convenience,
four time periods will be used beginning with the
current time through 1995, from 1995 through 2000,
and from 2000 through 2010. The fourth period
begins at 2010 and ends with the complete deploy-
ment of IVHS.

Now Through 1995

During the period prior to 1995 it is likely that IVHS
technologies will not be fully deployed in any city in
the U.S. There will, however, be several demon-
strations of some parts of IVHS. Advanced Traffic
Management Systems and some forms of Advanced
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Driver Information Systems will be demonstrated in
severa cities in the U.S. None of these will be
complete in the sense that they will cover an entire
city, but several corridors will have traffic manage-
ment. These early deployments will not achieve all
of the benefits of the technologies because they will
not be available throughout any city. The driver
information systems will not he integrated into the
traffic management systems so that all information is
fully available to a large number of drivers. Exam-
ples of these early demonstrations are the Smart Cor-
ridor and Pathfinder projects in Los Angeles and the
information demonstration in Florida. Pathfinder will
have only twenty-eight equipped vehicles and commu-
nication will be by a polling cellular telephone instead
of real time communication. In Florida there will
only be 100 vehicles with navigation systems.

Using the costs of the Smart Corridor project in Los
Angeles as an example, the costs of traffic manage-
ment may be estimated. The project is estimated to
cost $40 million for twelve miles of ten lane freeway
and the five major arterials that approximately
parallel the freeway. This is about $335,000 per
freeway lane mile including the arterial streets within
the corridor. The total costs of installing such a
system throughout Los Angeles, which has 4,750
miles of freeway lane miles would be $1.55 billion.
The total cost of congestion in Los Angeles is $7.94
billion per year. It would be unreasonable for a
traffic management system to eliminate all conges
tion. Conservatively, we could estimate that con-
gestion would be reduced by fifteen percent. The
savings per year would be $1.19 billion. A reason-
able assumption would be a 20 year life time and 10
percent maintenance costs each year. The benefit to
cost ratio would be 4.1. Performing the same
calculations for a few selected cities the benefit to
cost ratios are 2.75 for Chicago, 2.61 for Houston,
and 1.53 for Dadllas. Dallas has congestion costs just
over $1 hillion per year.

As has been pointed out before traffic management
cannot be fully installed in any city prior to the year
1995. If we assume that there are $1 billion of traf-
fic management demonstrations installed in cities
averaging a benefit to cost ratio of 3.1, then the
nation would be saving $580,600,000 of congestion
cost per year. During this same time period there
would be demonstrations of early stages of vehicle
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navigation systems. Since these would not be inte-
grated with the traffic management demonstrations we
will not calculate a congestion reduction to these
early systems.

1995 through 2000

During this period there may be a few cities that will
have traffic management systems fully deployed. In
the previous section we found that the benefit to cost
ratio of these systems, assuming a 15 percent reduc-
tion in congestion, would average about 3.1 for cities
with congestion costs exceeding $1 billion per year.
The 12 cities with congestion costs this high have a
total congestion cost per year of $31.8 billion per
year. If half of the cities could have systems in-
stalled, the total amount of congestion saved per year
would be over $2.3 billion. However, during this
period the interrelationships between Advanced
Traffic Management and Advanced Driver Informa
tion will be realized. Conservatively, we could
estimate that the two combined will reduce congestion
by over 25 percent. In that case, the congestion
saved during this time period would be about $4
billion per year.

The remaining areas of IVHS that we have not
discussed are Advanced Vehicle Control Systems and
Commercial Vehicle Operations. There is no ques-
tion but that commercial operators will be the first to
implement many of the IVHS technologies. Some
companies are paying large amounts for vehicle
location systems today. The new traffic management
systems may reduce the costs of vehicle location
systems making them even more attractive to com-
mercial operators. It is difficult at this time to
estimate the added value of ATMS and ADIS imple-
mentations to commercia operators. We can assume
that the major implementations of Advanced Vehicle
Control Systems prior to 2000 will be in the safety
area and not in congengtion reduction.

2000 through 2010

The combined impact of ATMS and ADIS during this
time period may be so that they can combine to
reduce congestion by 40 percent or more. King and
Mast have estimated that the total annua cost of
navigational waste in private vehicles exceeds $45
billion per year. In fact, if accident costs are ex-
cluded from their calculations, navigational waste is
equal to $41.3 hillion per year. Almost equal to the
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congestion costs of the 39 cities in the TTI study.
Accident reduction benefits are treated in another
section of this report.

All cities with $1 hillion of congestion cost per year
will have systems installed. Los Angeles will be
saving amost $4 billion per year and the 12 cities
will be saving as much as $12 hillion per year. At
this time the benefit to cost ratios for the 12 cities
will be over 8, and for the 39 cities in the TTI study
the ratio will exceed 6. It should be noted that all of
these calculations are based on 1987 congestion costs.
We know that congestion is growing in al cities so
the actual amount of congestion saved by these
installations will be much higher than those indicated.

However, costs will also increase athough congestion
costs will increase much faster than simple inflation.
In addition most of the costs of ATIS systems are
expected to be private and not public investment
costs. Therefore, the benefits stated in 1987 terms are
a conservative indication of the relative amounts of
benefits that will be derived. The important point is
that the benefit to cost ratio is aready over 2 assum-
ing a 15 percent reduction in congestion. If we
assume higher rates of reductions due to the interac-
tion between ATMS and ATIS we will find that the
average benefit to cost ratio will rise.

If we find that the actua reduction in congestion is
25 percent the benefit to cost ratio is 3.3, for 30
percent it is 4.0, and for 40 percent it is 5.3. Of
course al of these ratios are much larger for Los
Angeles since its ratio at 15 percent is 3.2, at 25
percent it is 5.3, a 30 percent it is 6.4 and at 40
percent it is 8.6.

Beyond 2010

With full implementation of ATMS and ATIS sys
tems, the combined benefits from congestion relief
are likely to be very high. Since we have not imple-
mented these systems and observed and evaluated
carefully their impacts, we are not in a position to
make hard estimates. We can only hypothesize
congestion relief related benefits of 30 to 50 percent,
as discussed above, even with the added travel that
these systems will likely induce.

Indeed there are likely to be real benefits from
ATMS and ATIS systems in ways we can't imagine.
Just as paving roads in the 1920's got us out of the

Page 20 Dallas — March 1990

mud, and changed the face of pre-war America. And
just as the limited access highway allowed us a way
to control access onto highway links and not throw
our highway capacity away by allowing traffic
friction from abutters. Now with IVHS systems, we
may be able to control and guide access onto and
within the transportation system in a non coercive
manner so we don’t replace moving traffic on high-
ways, with stopped traffic on these same highways.

Beyond 2010 there will also be big reductions in
congestion as Advanced Vehicle Control Systems
become advanced sufficiently so that vehicles can be
controlled on freeways, both in terms of headway and
lateral clearance. When these “automated highways’
come into existence profound reductions in congestion
will be possible.

In summary, the congestion reducing benefits from
IVHS, the to's minus tl's could be enormous. We
have mentioned current congestion costs in the U.S.
alone of $100 bhillion a year -- not including the
contribution of this congestion to accidents, fuel and
other operating costs, and lost productivity. Consid-
erable research is needed to get more accurate
percentage delay reductions than the ATMS delay
reduction and the 15% ATMS delay reduction and
the additional 10% to 50% ATIS delay reduction
reported above. But whether congestion 1s ultimately
reduced by 10% or 50% from IVHS systems, the
benefits are certainly more than enough to justify
moving work in this area forward, when considered
in a benefit cost framework.

POTENTIAL FUEL SAVINGS BENEFITS OF IVHS

In addition to the benefit of time savings as a result
of IVHS, there is aso the potential for savings in fuel
consumption for equipped vehicles on systems with
supporting infrastructure.  The benefits will be
available with the implementation of the Advanced
Traffic Management Systems (ATMS) and the
Advanced Driver Information Systems (ADIS)
capability in the vehicles. With these portions of the
system in place, drivers will be informed of optimal
route selection and will be travelling at nearly a
constant rate.

This offers the potential for fuel savings from three
perspectives:

Savings from reduced travel times and delay
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« Savings as a result of fewer starts and stops

e Savings from following the shortest effective
route

Although no specific studies have be-en done here to
evaluate these potential benefits of IVHS, some
estimates can be made and later verified by dem-
onstration.

The concept of Advanced Traffic Management
includes both the capability to update equipped
vehicles of the current traffic network conditions for
the selected or desired route on a real time basis, and
the capability for predicting the network impact of
diverting some portion of the demand to aternative
portions of the network. This capability will provide
balanced vehicle densities and maximum utilization of
the infrastructure. The Advanced Driver Information
System in the vehicle will

receive this data from the ATMS and calculate the
best route. When ATMS is implemented throughout
the network, the vehicles should travel with minimal
starts and stops and at nearly a constant speed. If we
use the current EPA Fuel Economy Label vaues as
a starting point to quantify these benefits, it is clear
that the closer the IVHS alows vehicles to perform
in the “Highway” mode, the higher the benefits,
The difference between the city versus highway fuel
economy as determined in this manner is dependent
on several factors such as vehicle weight, engine
size, and options such as air conditioning. As seen
in table 5, for a typical small engine (less than 2.0 L)
equipped subcompact vehicle the potential savings is
10%. This can increase to as much as 50 % as the
engine size increases to 5.0 L. Based on published
data it appears that the correlation follows engine size
such that vehicles equipped with a 2.0-3.0 L engine
has a 20-30% difference in fuel economy in the two
modes.

Table 5 Fud Economy Estimates

Class Powertrain City MPG Highway MPG Difference

Subcompact <20 L 25-38 29-40 5-16%
Subcompact 2050 L | 18-25 | 27-30 | 20-50 %
Compact 15-25L 18-33 23-40 21-27%
Compact 2.6-5.0L 18-21 25-27 28-38 %
Midsize | 2538 L | 18-23 | 23-32 | 28-39 %
Large | 3550 L 17 24 41%

Another means of assessing the potential benefits
would be to determine the degradation in fuel econo-
my using a duty cycle andysis.

Assume a 10 mile trip at a constant 40 miles per
hour. This trip would take 15 minutes. The ca-
culated degradation in fuel economy using this
calculation is shown in table 6.

Based on either analysis, the savings are substantial.

For the target years the following estimates are
reasonable based on the reductions in congestion
stated earlier and projections reported in a recent ITE
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Journal citing FHWA estimates of existing urban
freeway congestion accounting for 2.2 hillion galons
of wasted fuel yearly. This was projected to rise to
11.6 billion gallons of wasted fuel by 2005. A rough
approximation of fuel savings is estimated through a
linear projection since the shape of the curve is not
well defined. For this anaysis let us assume that
IVHS initiatives are encouraged nationwide and not
just in a few of the worst urban areas
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Table 6 Trip Characteristics

Based on a 10 mile trip

Time Stopped 0 minutes 1 minute 3 minutes 5 minutes
Speed underway 40 mph 42.8 mph 50 mph 60 mph
Driving consumption 0.4 ga 0.408 ga 0.448 gal 0.5128 gal
Idling consumption 0 0.0088 gal 0.0265 ga 0.044 ga
Total fuel consumed 0.4 ga 0.4168 ga 0.4749 ga 0.5569 gal
Fuel mileage 25 mph 24 mpg 21 mpg 17.96 mpg
Fuel economy 100% 96% 84% 71.8%

with optimistic but plausible penetration percentages.

% Penetration Fuel Saved
1995 15 1.0 billion gallons
2000 25 2.2 hillion galons

2010 50 6.5 hillion galons

In addition one billion gallons of fuel per year could
be saved through surface street signal optimization
and coordination based on today’s congestion.

The other potential for fuel savings resulting from the
implementation of IVHS is the minimization of
inefficient route selection. In a FHWA study
(FHWA/RD-86/029) conducted in 1986, it was
shown that major improvements in distance travelled
and time spent travelling could be achieved with
navigational aids.

Excess travel was attributed to any of the following
factors or combinations of the factors:

e Use of route selection criteria set which does not
emphasize route optimization.

e Failure to consider an adequate number of alter-
native routes.

e Inadequate skills to identify optimum routes

Unavailability, inadequacy or inaccuracy of
information necessary for route selection.

Failure to follow a planned route due to defi-
cienciesin the highway information system.
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Failure to follow a planned route due to lack of
adequate skills or of required prior knowledge.

e Failure to follow a planned route due to defi-
ciencies in route description or storage.

Incorrect evaluation of real time route choice
dternatives.

Voluntary diversion from a planned route.
e Forced diversion from a planned route.

Clearly the goas of IVHS address the improvement
of the mgjority of these causes.

The referenced study cited previous studies done in
various places around the world and concluded that
for non-work, non-CBD trips, excess travel in every
study amounted to more than ten percent of optimum.
In actual empirical investigations undertaken as part
of the study, it was found that navigationa failures
were responsible for approximately 20 percent of all
miles driven and approximately 40 percent of al time
spent driving. Further results of the study show that
an extremely high proportion of subjects attempting
to plan local trips in unfamiliar areas using maps
developed unfeasible routes due to street discontinu-
ities, turn restrictions, of one-way regulations. In
cases where feasible routes were established, those
routes averaged 11.1 percent excess distance.

Based on the studied data and assuming steady state
conditions in the infrastructure, the study estimated
that the excess travel for non-commercia vehicles in
the United States amounts to 83.5 billion miles per
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year. The excess time due to recoverable naviga-
tional waste is estimated to be 914,000 years. The
combined cost due to the excess time and distance
was estimated to be $45.7 billion annualy.

This study did not consider the additional savings that
could result from route planning that includes the
dynamic infrastructure conditions. The planned
IVHS research will include providing real time data
to optimize route planning based on actua traffic,
highway, and climatological conditions.  These
incremental savings will be assessed as part of the
planned demonstrations.

The study concluded that there appears to be a lack
of appreciation, on the part of the general public, of
the magnitude and associated costs of the excess
travel problem. This should be a prime focus of the
IVHS education process to raise the public awareness
of the cost/benefit potential of these systems.

AIR QUALITY

The March, 1989, U. S. Environmental Protection
Agency report entitled “ National Air Qualify and
Emissions Trends Report, 1987” stated that emissions
from transportation sources accounted for 43% of
total emissions of nitrogen oxides, 3 1% of hydrocar-
bons, and 66 % of carbon monoxide. The urban area
contribution is much greater. For example, in Los
Angeles, mobile sources accounted for 59% of the
nitrogen oxides, 46 % of the hydrocarbons, and 87 %
of the carbon monoxide.

The future of air quality in North America is one of
good news and bad news scenarios. The good news
is that emissions of carbon monoxide, hydrocarbons
and nitrous oxides from light duty vehicles have been
declining for the past two decades due to various
emission control strategies. The bad news is that
many areas of the country still have intolerable levels
of pollution and by the middle of this decade increas-
esin VMT and resultant congestion will overtake the
benefits that emission controls have created.

The trend lines shown in figures 3-5 provided by Mr.
Gary Hawthorn, Special Assistant for Transportation
Policies of the EPA, graphically demonstrate these
trends. Please note the assumptions listed on the
page following the trends. To reduce the impending
negative impact on air quality that already is blamed
for many fatalities in some areas, severa strategies
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are proposed. Among them are alternative fuels,
reliance on mass transit, demand management, and
IVHS initiatives to reduce congestion, provide
optimum routing, and avoid wasted trips or excess
mileage through improved traffic management,
advanced driver information and other strategies.

For most carbon monoxide and ozone non-attainment
areas states must submit implementation plans
(SIP'S).  Included in these plans are reasonably
available control measures for stationary and mobile
sources. Many experts believe that VMT growth will
become the key determinant of air quality problems
instead of tailpipe or evaporative emission rates. The
disproportionate increases due to congestion loom as
the single most important contributions to degradation
of air quality in the future.

IVHS strategies offer the greatest hope for the future
because impacts will be virtually immediate depend-
ing on implementation rate and such strategies are
complementary to other air quality initiatives. For
example, much discussion currently centers on
aternative fuels especially in Los Angeles where one
ambitious penetration scheme called for 400,000
vehicles by 1996. Most aternative fuels have side
effects including emissions of other pollutants such as
the increased tailpipe emissions of formaldehyde with
methanol. IVHS strategies will reduce emissions,
regardless of the fuel. Any clean fuels program will
not begin yielding significant emission reductions
until the late 1990’s.

IVHS initiatives also complement efforts in pro-
motion of mass transit. Improved driver information
may cause a diversion from auto trips to mass transit.
Traffic management strategies will impact
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high occupancy or mass transit vehicles that share the
transportation network. Demand management and
IVHS initiatives that promote mobility need not be
seen as competing or counterproductive strategies. In
fact, some demand management will be essentia for
the gains of the IVHS initiatives to be sustained and
made permanent lest congestion be restored due to
excessive induced trips.

Though congestion and emission problems are closely
related, environmental and transportation officials
have not always worked together. The increased
attention to the needs of traffic management and
driver information that the new IVHS initiative bring
to bear provide an opportunity to work together
toward common interests because reductions in
congestion bring about improved air quality. For
example, the integrated traffic control project known
asthe Los Angeles Smart Corridor Demonstration is
expected to yield reductions of 15 % carbon monoxide
emissions and 8 % hydrocarbons, Approximations for
the future air quality benefits of IVHS initiatives for
1995, 2000 and 2010 are not well defined because of
the interaction with other countermeasures. How-
ever, benefits proportionate with those of reduced
congestion seem reasonable.

Assumptions for emission projection graphs
The projected emissions shown in Figures 3-5 as-
sume:

1. 20 m.p.h. average speed (basic FTP conditions).
No adjustment for congestion — for likely de-
creases in average speeds.

2. Emission reductions from volatility regulations.

3. Basic inspection and maintenance (I/M) (not
enhanced |/M).

4. Mobile 4.

5. Existing new car emission standards (not the
lower standards proposed in some draft clean air
bills).  This assumption would overestimate
emissions because recent developments in the
House indicate that tougher auto emission stan-
dards will probably be included in future clean
ar legidation.

6. No emission reductions from alternative fuels.
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NOTE: The consultant who prepared the emission
graphs believes that current predictive tools used to
generate the graphs may underestimate the emission
impacts of VMT and congestion. For example, the
driving cycle used to generate emission factors may
not accurately reflect current driving behavior and
thus would underestimate future emissions.  These
predictive tools which are periodically updated will
hopefully improve vehicular emission projections in
upcoming SIP revision work.

ENHANCING MOBILITY

In addition to the direct congestion relief and higher
safety impact from IVHS technologies, IVHS is likely
to have a wide range of impacts on highway users
and highway operators. In particular, the introduction
and use of these technologies may provide important
contributions to enhancing the ability of people to use
the nation’s transportation system.

The primary impact will be to improve the use of
private automobiles and trucks but there will also be
important improvements in access to public trans-
portationsystems, high-occupancy vehicles, and other
ridesharing opportunities. This section describes some
of the ways that IVHS technologies can enhance the
mobility of the population.

In many of the examples enumerated in this section,
the IVHS technologies will not have a direct impact,

per se, on the populations identified but will facilitate
improvements in services and operations that these
groups rely upon for transportation. i.e, the exis-
tence of IVHS allows transportation officials to
implement services that might not have been feasible

before IVHS. The people using these new or im-
proved services will notice an improvement in acces-
sibility and quality of transportation services, but may
not be explicitly conscious that “smart” technologies
are making these improvements possible. None-
theless, these need to be accounted for in cataloging
the benefits of IVHS.

IVHS technologies have the potential to make signifi-
cant improvements in trip planning and in providing
en-route driving aids. For “routing” trips, there may
be the ability to determine traffic conditions and
current status of transit operations. For other trips, a
clearer, more accurate assessment can be made of
how to get there.
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Automated Vehicle Location will provide rea-time
information on area-wide highway conditions and
system-wide departure times and transit vehicle
locations. This information can be made available to
the automobile driver both before leaving home and
while driving. In addition to receiving this informa-
tion in the vehicle, it can also be provided to transit
operators and transit users at bus stops, shopping cen-
ters, factories, and other employment, social, recre-
ational, and health activity centers. The information
can aso be communicated to users in their homes
through radio, analogue and digital telephone lines,
cable video, video text, and other communication
devices.

Advanced Traffic Management Systems (ATMS) will
improve the safety and efficiency of traveling aong
highways. Automated Driver Information Systems
(ADIS) will w arn drivers of bad weather, highway
maintenance and construction work, congestion delays
and will give other important information. At later
stages of IVHS implementation, Advanced Vehicle
Control Systems (AVCS) will facilitate faster and
safer intercity highway travel. Drivers will be able to
safely travel to cities at very high speeds using
anticollision warning and avoidance devices and
advanced vehicle control.

IMPROVING MOBILITY FOR SPECIFIC GROUPS

IVHS will affect all types of highway-based travel:
the journey-to-work, other intra-city travel, as well as
intercity travel. As a part of this process of identify-
ing beneficiaries of 1VHS, particular segments of the
population who will be particularly impacted were
identified.

The Older Driver

Americans aged 65 and older are the fastest growing
segment of our population, increasing by 54 percent
between 1960 and 1980. Within this segment, the
number of people over 75 is expected to double by
the year 2000. In comparison, in the year 1900 only
4 percent of the U.S.A. population was over age 65
(3 million). and in 1989 it was an estimated 12
percent (30 million). In the year 2020 it is predicted
to be as much as 20 percent of the total U.S. popula-
tion (65 million).

The consequences of this large a population group on
highway travel are potentialy significant. While
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people “age” at different rates, in genera some of
the skills needed for safe driving begin to deteriorate
at age 55 or thereabouts, and more dramatically so
after age 75. And yet, the percent of elderly over 65
retaining their driver’s license and continuing to drive
has rapidly increased from 43 percent in 1969, to 55
percent in 1977, to over 62 percent in 1984 (18
million). This percentage is expected to continue
increasing to over 75 percent (50 million) by the year
2020.

Studies of travel behavior show that the population
over age 65 depends more on the automobile and less
on transit than any other age group. About 85 percent
of their trips are by private vehicle, either as driver
or passenger. Older persons travel as freguently as
younger persons, although the distance traveled is as
much as 80 percent less. The bulk of these trips are
for shopping, family/personal business, and soc-
ial/visiting, as opposed to commuting and business
trips.

Older persons try to compensate for their reduced
abilities by avoiding periods of congestion, driving
less at night (13 percent of their trips are taken at
night compared to 25 percent by the younger age
groups), avoiding bad weather conditions, and by
driving more slowly and cautiously. Older drivers
have more difficulty with certain critical driving tasks
such as staying within lanes, switching lanes, chang-
ing directions, and merging into a stream of traffic.
As a rule, they take longer to reach a decision than
youngest motorists.

Traffic violation rates indicate that the older driver
are not as diligent as younger drivers in observing
traffic signs and are cited frequently for illegal
passing maneuvers, turning violations, and failure to
yield right of way. Intersections and nighttime driving
are particularly hazardous for older drivers, with 40
percent of older driver fatalities and 60 percent of
their injuries occurring at intersections. Fatality rates
also suggest that it is twice as dangerous for an older
person to drive on a rura road at night as on an
urban street during daylight. Nine out of 10 older
driver accidents involve multiple vehicles, usualy
because of vision problems and cognitive deficien-
cies.

It is estimated that 90 percent of all information
necessary for driving is acquired visually. In general,
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a significant decline in vision begins in the mid-fif-
ties; visual acuity (ability to see clearly) begins a
rapid decline due to the browning and hardening of
the lens. In addition, the pupil begins shrinking until
it reaches about one-third its normal size. It becomes
harder to focus on objects and to change focus
quickly, depth perception weakens, peripheral vision
gradually worsens, and recognizing certain colors
becomes more difficult.

After the age of 20, a person’s illumination needs
double every 13 years to see as clearly. Consequent-
ly, compared to a younger driver, the older driver at
night is operating as though he/she is wearing two
pairs of sunglasses. But this need for additional light
conflicts with a difficulty in adjusting to glare. The
result on the highway is a driver that more slowly
responds to signals, signs, and traffic events, that has
problems in determining the distance and closing
speed of oncoming vehicles, and has reduced ability
to detect vehicles and pedestrians.

It is estimated that about 30 percent of the population
over the age of 65 has some hearing loss. Generally,
high-pitched sounds become less audible long before
low-pitched ones. Since high-pitched sounds are less
audible to older people, they have difficulty hearing
and reacting to horns, motors, sirens, and train
whistles. So called “cognitive deficiencies’ associ-
ated with older people include confusion, inattention,
slowed reaction time, slowed decision time, and
forgetfulness. These problems develop slowly and
begin a widely differing ages. It is estimated that
two-thirds of older pwple have some cognitive
deficiency. Roadway-related problems caused by
these deficiencies include trouble adjusting to varying
traffic conditions, confusion when too much informa-
tion is presented, and an increased tendency to lapses
of aert attention.

How IVHS Can Help: The automotive, electronics,
and communications industries, in consultation with
human factors speciaists, have developed and are
testing many 1VHS technologies that can aid the older
driver with the driving tasks. These will enhance and
perhaps extend their mobility beyond what is possible
today.

Heads-up Displays provide a holographic projection
of vehicle operating information such as speed and
motor condition onto the windshield and focused
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about 10 feet forward of the driver. This enables the
driver to receive information and to act on it without
having to take the eyes off the road, refocusing to
look at the instrument panel, then looking up again
and refocusing on the road. Refocusing takes longer
for the older driver, and in the extra time required,
say a half second, a vehicle traveling 35 mph would
cover 25 feet.

Fifty percent of al rear end and intersection related
collisions and 30 percent of collisions with oncoming
traffic could have been avoided had the driver recog-
nized the danger 1/2 second earlier and reacted
correctly. Heads-up displays (HUD) are currently
commercialy available on a few models. It is predict-
ed that by the year 2000, approximately 16 percent of
the new car buyers will choose the HUD option

Infrared Imaging will provide the driver an enhanced
image of the roadway ahead under adverse visibility
conditions at night and in rain, fog, and snow. This
will help make it easier for the older driver to operate
at night by providing better vision, improved recogni-
tion, and allowing faster reaction time. It is expected
that by the year 2000, approximately 16 percent of
the new car buyers will have the infrared imaging
equipment.

Obstacle Detection Devices of one sort or another
(e.g., laser, infrared, or ultrasonic technologies) will
monitor the front, rear, and sides of the vehicle for
the presence of objects that the driver should avoid.
They can provide both a visual warning and an
audible warning (perhaps a computer simulated voice
at a pitch that is easy to hear) of closing speed
problems, blind spot obstacles, and backing-up risks.
This technology will be particularly beneficial to the
older driver at intersections and during lane changing
maneuvers. It is predicted that by the year 2000,
approximately 30 to 45 percent of new car buyers
will choose an obstacle detection equipment option.

Driver Alertness Warnings will be able to detect
deviations in normal steering and braking perfor-
mance, which begin to occur with lapses of attention,
and will signal a warning to the driver through
audible and other sensory means. This type of device
would be particularly useful to the elderly, who are
more likely to be frequent users of prescription drugs
with their attendant risks of drowsiness. It is pre-
dicted that by the year 2000, approximately 27
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percent of the new car buyers will choose the driver
alertness option.

Radar Braking and Seering Override Control
technologies will not only detect a collision risk, but
will eventually have automatic override capability to
apply brakes at the appropriate time to prevent a
collision. Limited depth perception, reduced periph-
eral vision, and slower decision and reaction times —
common among the elderly — can be mitigated with
these technologies. It is predicted that by the year
2000, approximately 22 percent of the new car
buyers will choose the radar braking and 12 percent
will choose the steering override option.

On-Board Replication of Maps and Traffic Signs,
along with an electronic map or other navigational
aids, will replicate those essential traffic control
devices that may be difficult for the older driver to
see due to darkness or weather and provide a mea
sure of safety and confidence that is not now avail-
able. In addition, the navigation systems could
provide route selection advice for reaching a destina-
tion while avoiding traffic congestion and reducing
the stress that motorists face while operating in
unfamiliar areas. This technology is currently avail-
able and is predicted to be widely deployed by the
year 2000.

Two-way Communications will appeal to the older
motorist with its ability to maintain constant com-
munications with atraffic control center, much as a
pilot maintains contact with air traffic control. In
addition to receiving valuable and timely information
about traffic conditions and recommendations for
route selection, the motorist will also be able to
convey emergency messages and request special
assistance such as medical, police, fire, rescue, and
vehicle services. With this service, more older
motorists may be less reluctant to make car trips.
This technology will be available initialy in large
metropolitan areas and along major corridors between
large cities. It is predicted that by the year 2010,
most magjor cities and heavily traveled corridors will
have this communications capability, with perhaps
over 50 percent of the population using the technolo-

ay-
There are many other features of IVHS that will also

benefit the older motorist. The features described
above are merely illustrative as the features most
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likely to be used by the ederly to help overcome
their driving task deficiencies and enable them to
enjoy mobility options not now available.

Impaired Traveller

Transportation is vital to the disabled and impaired
citizen. Personal mobility should not be a barrier to
their enjoyment of life. There are some 8 million
persons of all ages who are mobility impaired. Fre-
quently, persons with special physical conditions have
financial conditions that justify the term economically
disabled. This adds up to millions that need special
transportation services. IVHS technologies hold great
promise to improve the nation’'s ability to extend and
improve these services at a reasonable cost.

The nation is certainly doing a lot wrth existing
technologies. Public monies going annually into
transportation associated with social services exceed
$800 million. Not-for-profit agencies receive an addi-
tional amount of perhaps $17 million annually from
charitable organizations to provide mobility for
persons with disabilities. An estimated 5,000 local
social service organizationsfund transportation,
operating some 25,000 vehicles nationwide. Non
profit agencies numbering another 3,500 add another
21,000 vehicles to this total. Private, for-profit carri-
ers, including the taxi industry, do their share.

But the need is great, and it is not being met; perhaps
some 2 hillion annual trips are not currently being
made. Current travel plus much of the unmet need
could be better served with better coordination of
schedule and fares, improved information to the
elderly and handicapped trip maker, and cost sharing
among sponsoring organizations. 1VHS will help in
all these areas.

For example, a single or multi-county system using
IVHS could pull together all funding agencies,
transportation providers, and specialized activity
sponsors in a single network. The trip maker, wheth-
er living in aprivate or community homewould have

available, via large-type video text or amplified
telephone, comprehensive trip making information.
Customized to the travelers disabilities (wheelchair,
etc.) real-time departures schedules can be compared
to desired trip times, opening times, and other
destination information selected by the elderly or
disabled traveler. Alternatives, with estimated costs
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and reliabilities, can be automatically provided to the
traveler, and travel orders can be confirmed.

Doctors offices, rehabilitation centers, community
social and recreation services, churches, day schools
and night schools, emergency services, recorded
messages, paging devices (transmitter that signals
when person in need pushes buttons), meals on
wheels, and other locations and events of interest can
be integrated into the network. Thus at any conve-
nient location, in the home or elsewhere, using large-
button telephones and other devices enhanced for
sight, hearing or mobility impaired persons, the
elderly or handicapped person can easily enter a
whole world of information and support. IVHS can
then convert the schedule and location information
quickly and precisely into transportation information.
Instructions can be automaticaly conveyed to the
traveler, to the transportation service manager and to
the vehicle operator. Appointment times can be
confirmed, departure and arrival times coordinated
with opening and closing times and other schedules
and arrangements finalized.

The traveler benefits, but others do as well. Business
and services, both for-profit and not-for-profit can
organize more effectively and flexibly. They can be
decentralized, be provided in the home or on the
farm, wherever they can operate most effectively and
most economically. This is increasingly important in
less densely populated areas in the suburbs and in
rural areas.

Funding for elderly and handicapped transportation
comes from a wide variety of agencies — transporta-
tion, aging, religious, socia service, and many health
and medical agencies subdivided by disease and
disability types. Support comes from federal, state,
and local levels. Many of these support resources
have spawned their own fare and subsidy palicies,
leading to diseconomies for the providers and subop-
timal services for the user. IVHS can integrate fare
collection and billing, coordinating finance as well as
schedule. Traveler identification can be recorded at
the time of scheduling or upon vehicle entry. Magnet-
ically coded cards or smart cards can inform the
system through home based devices or on-board
recording devices of the characteristics or classifica-
tion to the traveler. On-vehicle equipment can gener-
ate times, locations, and distances. Fares can be
automatically calculated and charged to the traveler
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using stored value cards, cash, or charged to personal
accounts. Similarly, subsidies can be calculated and
billed to the appropriate agency.

The end results will be the provision of transportation
services to meet the specialized needs of the elderly
and handicapped. They will be better able to organize
their day to take full advantage of the services
designed for their health, their livelihood, and their
enjoyment. 1IVHS will help move them about safely
and efficiently through the day, and at the end of the
day distribute the costs equitably. These groups
should find significantly enhanced mobility.

Carless

Home-based or curb-side “traveler information
systems” elements of IVHS which provide accurate
and timely information on the availability and scheg-
uling of transit services would be particularly benefi-
cia to people without automobiles who must rely
amost exclusively on public transit to get around.
The availability and use of this information can alow
better personal planning for transit trips and can
provide help in finding out when particular buses will
depart a particular point along it route and how to use
transit to get to where you want to go. While this
information will be available to al, a greater share of
the benefit of this technology will be to those who do
not have access to individual automobiles and are
more reliant on transit. Better information will make
it easier for these people to get around and will in-
crease the range of trips that are feasible.

One example of how the use of enhanced transit
information provided by ADIS systems would be for
users of the system in off-peak hours. “Night Owl”
service in the overnight period operates under a much
sparser schedule then during the day. While there is
often little delay between a random appearance at a
bus or transit stop and the appearance of the bus or
transit vehicle during peak periods, this is not the
case off-peak — particularly in the middle of the
night. The result is that transit users often have to
wait long periods for their connection. Better infor-
mation on when the bus or train will actually arrive
at the nearest location would alow them to reduce the
amount of time they have to spend waiting at dark,
cold (often dangerous) transit stops. Lone passengers
at a streetside bus stop are a tempting target for
criminals; reducing the dwell time has direct benefits
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in terms of reducing a person’s exposure to crime as
well as improve the convenience of using transit.

As the information systems become more sophisti-
cated, transit services may be able to be better
tailored to the specific needs of people travelling in
off-peak hours. This may allow better service to be
offered to more people at a reasonable cost. For
example, it may be feasible to divert buses from
fixed routes in order to reduce the distance that
passengers have to walk to rendezvous with the bus.
These information systems may alow transit officials
to provide special buses under more circumstances
than is currently feasible.

The Automated Vehicle Identificationsystems that are
used to keep track of bus fleets for operational
purposes, also enhance persona security. Vehicles
equipped with automated location systems for opera-
tional purposes can use these systems to quickly aert
authorities on the precise location of where a crime
is occurring.  While the total number of transit
crimes is greater during peak hours, the incidence of
crime is considerably higher off-peak and the conse-
quences are generally much greater. While this
benefit applies to al transit service, its vaue will be
particularly significant for operations in high crime
areas and late at night — areas and times where use
by the poor are over-represented.

Rural Residents

Transportation needs of rural residents are quite
different than those of city and suburban residents,
and because of the general absence of congestion
problems, may be overlooked when the benefits of
IVHS are enumerated. There are approximately 286
million annual one-way rural transit trips nationwide.
Public transit is used to shuttle residents to larger
cities for medical services, shopping, cultural events,
and for connections with air service. Intercity high-
way travel is also an important element of rural
resident transportation. 1IVHS will benefit rural resi-
dents both with improvements to rural transit services
and to intercity travel.

Reduced Costs/Flexible Pricing Data collected on
vehicles, passengers, and road conditions will allow
transit demand to be met with the lowest cost service
available. Alternative fare structures will be possible,
allowing for more flexible fares which depend on
each individual trip's characteristics. This type of
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market-oriented trip pricing can be charged and billed
to smart cards or centralized accounts. Flexible fare
structures also allow direct and user-side subsidies by
public agencies, employers, and educational and
social agencies.

Vehicle Systems Monitoring IVHS technology will
allow in-vehicle diagnostic monitoring of vehicle
systems such as equipment stress, engine tempera-
ture, brake conditions and other vehicle functions
giving the driver instructions for preventative main-
tenance, worn parts to watch for, or driving practices
to amend. This information can also be commu-
nicated to the systems manager. The technology will
benefit the transit service and the public with lower
maintenance costs.

Trip Planning Automated Vehicle Location will
provide real-time information on system-wide depar-
ture times and transit vehicle locations. This informa-
tion can be communicated to the transit provider and
ultimately to the transit users at bus stops, shopping
centers, factories, and other employment, social,
recreational, and health activity centers. The informa-
tion can also be communicated to users in their
homes through radio, analogue and digital telephone
lines, cable video, video text, and other communica-
tion devices.

Implementation of interactive communications be-
tween user and provider will occur in the fina stages
of advanced trip planning. Passengers will be able to
make and change reservations from their homes based
on real-time system information on schedules, fare
rates, and availability. Systems managerswill usethe
information to schedule services and determine fare
rates. Better trip planning will benefit both the transit
users and providers.

Faster, Smoother, Safer Services IVHS technology
will improve trip planning and, as a result, provide
faster, more reliable transit services. Implementation
of anti-collision avoidance and warning devices, and
in-vehicle systems monitoring will improve transit
safety in their early stages of IVHS development.
Later stages of IVHS implementation such as Auto-
mated Traffic Management Systems and Automated
Vehicle Control Systems (AVCS) in rura areas will
improve the safety and quality of rural transit servic-
€s.

Mobility 2000



Operational Benefits

Improved Intercity Highway Travel Advanced Treffic
Management Systems (ATMS) on rura highways,
especially those leading to larger cities, will improve
the safety and efficiency of traveling from rural areas
to larger cities. Automated Driver Information
Systems (ADIS) will warn intercity drivers of bad
weather, highway maintenance and construction
work, congestion delays and will give other important
information. At later stages of IVHS implementation,
Advanced Vehicle Control Systems (AVCS) will
allow even faster and safer intercity highway travel.
Rural residents will be able to safely travel to cities
at very high speeds due to anticollison warning and
avoidance devices and advanced vehicle control.

“Yellow pages’ information could be available using
ADIS to the rura resident traveling to larger cities.
The traveler will be able to view maps of city loca
tions of restaurants, hospitals, recreation centers,
airports, and shopping centers. Eventualy, two-way
communication will allow the driver to make airplane
or restaurant reservations as he or she travels to the
city. This type of system will benefit rural residents.

Tourists

One of the byproducts of the development of the
Interstate Highway System was the unprecedented
mobility it gave to the American motorist. Americans
were now able to travel further and faster than
previously possible. Since Americans had always
been predisposed to use the auto for recreational
travel, this development served to broaden and extend
the horizon of the recreational trip. Long distance
recreational trips increased. These longer trips often
required the motorist to pass through the various
states and/or metropolitan areas.

With the increase of these trips, a large recreation
industry has developed. The American Automobile
Association (AAA) began to devote more and more
effort to recreation trip planning and service. Their
triptiks became ubiquitous — more than 7 million
triptiks as well as 34 million tourbooks are now
distributed annually. Motel and restaurant chains
began to provide publications which not only listed
the locations of their facilities but also provided maps
to better direct the motorist and a list of nearby
points of interest.

Even travelers who used other modes of travel such
as rail or air benefitted from these auto-oriented
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service industries since they often rented autos for
local travel once their destination was reached. The
rental car industry expanded to service the increased
demand.

In recent years, however, Americans have again
begun to find their mobility constrained by the
increasing congestion on the Interstate Highway and
freeway systems. Motorists on recreational trips are
often more adversely affected on a day to day basis
by congestion than commuters because they are
unfamiliar with the area and any alternate routes that
may exist. Also, they are unfamiliar with the times of
day when congestion might exist. Even if they are
familiar with the area they would generally not be
familiar with recent construction on or changes to the
highway system. Since social and recreationa trips
represent 22.6 percent of al vehicle trips and 27.6
percent of al person trips as well as 30.0 percent of
al vehicle miles of travel a significant number of
Americans will be affected in this way.

The recreation traveler will realize significant benefits
from IVHS changes. Since recreational trips seem to
be fairly consistently distributed across al income
groups and since it shows approximately 84 percent
of these trips to be made by motor vehicle, this
essentially means amost al Americans. Other im-
pacted groups include state and local governments,
recreational service industries such as motels, restau-
rants, and rental agencies and auto service organiza-
tion such as AAA. A description of some of the
many impacts of IVHS in this area follows.

IVHS benefits to recreational travelers will show up
initially in the area of Advanced Transportation
Management System (ATMS) improvements. The
recreational trip is the most efficient trip in terms of
vehicle occupancy (2.5 persons per trip) so most
recreational travelers can take advantage of any HOV
lane options available if they have knowledge of them.
Advances in surveillance, detection, and communica-
tion technology will help the unfamiliar motorist to
obtain information on both the options available to
him and how to take advantage of these options. This
information can be used to avoid delays when passing
through unfamiliar areas.

Benefits of IVHS will also come from Advanced
Driver Information System (ADIS) improvements.
Initially, these benefits may stem from ADIS de-
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ployment in rental car fleets. As another possibility,
AAA could take advantage of navigational equipment
by providing Etriptiks consisting of map disks which
would not only provide navigational information but
also information on points of interest and lodging and
eating places in the area. IVHS radio channels in the
cars will provide advisory information alowing the
motorist to avoid delays and construction and use
alternate routes. Recreational service industries could
also provide map disks showing location of their
facilities and nearby attractions and services.

Another benefit of ADIS deployment in rental car
fleets is to facilitate driver familiarization with IVHS
technology. This could lead to more rapid deploy-
ment rates in persona autos as drivers see the bene-
fits of the new technology. A demonstration of this
sort is being considered in the Orlando area by a
combination of General Motors, FHWA, FLORIDA
DOT, City of Orlando, and AAA. They intend to
develop a plan for deploying smart vehicle compo-
nents in a rental fleet.

The second stage of benefits will stem from im-
provements to the ADIS technology aready deployed
as well as increased deployment of ADIS equipment
to personal vehicles. As an example, highway adviso-
ry information could be sent directly to the in-vehicle
route guidance system. The new technology could
also provide the ability to update maps as well as
provide real time incident information and necessary
route changes. Technology may also be available for
enroute lodging and dinner reservations.

Third stage IVHS benefits should stem primarily
from Advanced Vehicle Control System (AVCS)
improvements and could include such things as
automatic trip programming and automated tours.
Longitudinal placement and collision avoidance
technology which should also be available will
enhance safety.

Personal Security and Protection

In 1986, there were about 1.2 million automobile
thefts; the value of the vehicles and equipment stolen
was over $5.5 hillion. In addition to that, there were
many thefts of commercial over-the-road trucks.
Even more serious are persona attacks on individuals
that take place in automobiles. While the number of
such occurrences is relatively small, there is anxiety
on the part of many that a vehicle breakdown or
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accident will occur while driving in the middle of the
night or in desolate or high-crime areas.

There are dready systems available that allow law
enforcement authorities to locate stolen automobiles.
For the most part, these are used by people with very
expensive automobiles. In one system, automobiles
are equipped with a radio transponder that can be
activated by the owner if the vehicle is stolen. Police
are supplied with a radio receiver to locate the
current position of those vehicles. Severa trucking
companies that have installed satellite location sys-
tems have recovered stolen vehicles through the use
of this technology.

When ADIS vehicle identification technology is
developed and implemented to provide real-time,
personalized information to individual vehicles or
used to pay tolls automatically, these technologies
could be adapted to locate stolen vehicles. The same
technology that informs highway authorities of the
location of vehicles could also provide a distress call
in emergency situations. Vehicles “lost” in snow-
storms and other severe weather conditions would
now have a better chance of being found than they
currently do. Those persons disabled or hindered by
the elements could remain with their car and not have
to try to reach safety on their own.

Any estimate of the net benefits of IVHS technology
should consider the number of crimes that might be
averted if police could be notified automatically. The
use of this technology will make it substantially more
difficult to successfully steal vehicles as well as
provide a measure of reassurance to people who
break down.

Enhanced Fleet Management

Safety improvements from IVHS will benefit motor
carriers in terms of safety and reduced insurance
costs. The traveling public will also benefit from
improved motor carrier safety. While these improve-
ments apply equally to both passengers cars and
trucks, safety among commercial vehicles is a partic-
ular concern because truckers are on the road for
longer periods, and if they have an accident, the
effects are generally more severe. In addition, there
are particular benefits to commercial and fleet opera-
tors.
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Improved Regulation/Permitting Motor carriers are
already heavily regulated. Much of this regulation
causes expensive delays and paperwork for both
carriers and government regulators. The advent of
M-IS gives the potential to significantly reduce the
delays in regulation and provide a fairer, more
efficient regulatory system.

Automated Vehicle ldentification and Automated
Vehicle Location (AVI/AVL) will enable regulators
to identify commercial vehicles in every state. The
standardization of AVI/AVL technology among the
states is an important issues to the trucking industry.
AVI/AVL supplemented by weigh-in-motion (WIM)
devices will allow automatic truck and document
inspection and weight limit compliance without the
need to stop. State regulatory officials can auto-
matically check the adequacy of the truck’s inspection
records, check the driver's licensing and physica
examination records, identify hazardous cargo,
determine the number of continuous hours on the
road, monitor vehicle speed, and identify stolen
vehicles. If a truck is in non-compliance, a message
sign can signal the driver off the road to an inspec-
tion station for a more in-depth inspection or aert
law enforcement authorities. These technologies can
lead to totally automated record keeping for both
motor carriers and regulatory agencies. Similar
technology will be used for automated toll collection.
This will benefit carriers by reducing the time and
papenvork currently required in carrying out motor
carrier regulations. Governmental entities will benefit
by having improved enforcement of safety and over-
sizeloverweight regulations. The public will benefit
from reduced wear on infrastructure due to better
enforcement of regulations. AVI/AVL is adapt to be
implemented in the secondary stages of 1VHS imple-
mentation.

Reduced Fuel Costs In 1989, commercial trucks
consumed an average of 1,343 galons of fuel per
vehicle. Cost/benefit studies on Advanced Traffic
Management Systems show a fuel savings of 12
percent. This would imply an average savings in
truck annual fuel consumption of about 161 gallons
per year. Nationwide the fuel savings would be
6,853,342,200 gallons per year or about $7 hillion
per year. This will benefit motor carriers with
reduced fuel costs and benefit the nation with reduced
dependence on foreign fuel.
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Improved Vehicle Systems Monitoring New technolo-
gy will become available to monitor motor carriers
vehicle performance. The technology will test equip-
ment stress, engine temperature, axle weights, brake
conditions and other vehicle functions giving the
driver instructions for preventive maintenance, worn
parts to watch for, or driving practices to amend.
This information can also be communicated to the
fleet manager. Eventualy, these computerized sys
tems will also allow electronic trailer inventory.
These changes will benefit motor carriers by lowering
maintenance costs and maximizing vehicle perfor-
mance.

“Yelow Pages’ Function With the implementation of
“yellow pages,” information can be communicated
to commercia truck drivers, including such informa-
tion as trucks stops, available parking at truck rest
stops, repair stations, and diesel fuel availability.
This will improve on-road time and reduce driver
distractions. With two-way communication and
ADIS, truckers will be able to make hotel reser-
vations and order food and refreshments while on the
road.

Real-rime Routing The later stages of IVHS imple-
mentation as they relate to motor carriers involve the
implementation of real-time routing. This will alow
drivers or dispatchers to specify a destination and
have the system pick the optimum route, taking into
consideration traffic conditions, roadway geometries,
wesather, and other factors. Ultimately, AVCS will
actualy take the driver to his of her destination.

PRESERVING THE NATION'S TRANSPORTA-
TION INFRASTRUCTURE

The U.S. highway transportation system has sub-
stantial scope and capacity to move people and
freight quickly, inexpensively, and safely. We have
invested considerable resources, particularly over the
last 35 years, in building and maintaining an elabo-
rate network of high-speed limited access highways
that link all portions of the country.

As the Interstate Highway is nearing completion,
there has been considerable discussion of the need to
preserve and enhance this transportation infrastruc-
ture. This issue is being given particular emphasis
by the team preparing Department of Transportation
Secretary Sam Skinner’s National Policy Statement.
It also received particular attention at the Town
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Meetings sponsored by the Department of Transporta-
tion.

For the foreseeable future, highway travel is likely to
remain the dominant mode of persona transportation.
Most Americans want to rely primarily on their au-
tomobiles for their travel needs. Moreover, the
movement of business to suburbs results in commuter
and business travel patterns that are often not condu-
cive to the use of public transit. Thus, the automo-
bile will continue to be the primary source of mobil-
ity for most Americans. One creditable forecast is
that highway traffic volumes doubled on America's
highway network from 1.9 trillion vehicle miles of
travel (VMT) in 1988 to 3.8 trillion VMT in 2020.
Unless improvements to the system are made, this
growth in traffic will increase congestion and reduce
urban and rural mobility.

At the same time new road capacity will continue to
be built (especialy in outlying suburban areas of
growing metropolitan areas), but the high cost of both
land acquisition and construction, and local opposition
to further construction in major metropolitan areas
will make this a less feasible alternative.

Fresh approaches are needed to address the imbalance
between road capacity and demand. We need to find
ways to use existing highway capacity more effcient-
ly. Solutions to road congestion must encourage
greater use of public transit and ride sharing, as well
as variable peak-load tolls and other non-traditional
highway allocation techniques. Nevertheless, IVHS
technologies could increase the capacity of the
highway system.

In general, the impacts discussed in this section do
not represent dramatic changes, per se, in highway
travel or in highway facilities management. Instead,
the use of the “smart” technologies make it easier to
undertake certain policy actions. In this sense, they
are "facilitators" to methods of improving what we
are cdling “infrastructure management.”

In general, the impacts discussed in this section do
not represent dramatic changes, per se, in highway
travel or in highway facilities management. Instead,
the use of the “smart” technologies make it easier to
undertake certain policy actions. In this sense, they

The point needs to emphasized the implementation
and use of IVHS technologies will not replace the
need for new highways on a one-for-one basis. The
primary impact of IVHS will be to improve the
efficiency and capacity of highways that already exist
as well as those that must be newly constructed.
There will still need to be continued investment in
new and expanded highways.

IMPROVEMENTS IN INFRASTRUCTURE FACILITIES
MANAGEMENT

IVHS technologies can be expected to improve the
management of the existing infrastructure, given its
operating limitations, primarily by providing signifi-
cant amounts of real-time information to the motorist
and to the public (or private) operating agencies so
that travel can be made safely and efficiently. The
information provided by IVHS technologies has three
important implications for improved management of
the existing infrastructure. First, the Information can
make the operations of the system more efficient by
more effectively using the available facilities, servic-
es, modes, and routes. Second, the efficient opera-
tion of the system, because of IVHS technologies,
may preclude the urgency or need for magor system
expansion. Third, efficient operations can aso lead
to an extension of the life of particular facility,
thereby postponing the need for replacement.

Improved management of the existing infrastructure
is tied to the efficiencies gained through the use of
information provided by IVHS technologies. The
real-time information made possible by implementing
IVHS technologies can include the following:

e Location of reconstruction and maintenance
activities,

e Location of underused or overused facilities and
SErvices,

e |dentification and location of good operations,

e Identification of restricted or out of service
facilities,

e |dentification of alternate (detour) routes and
conditions,

e Identification of ridesharing and transit opportu-

are “facilitators’ to methods of improving what we nities, and
are cdling “infrastructure management.”
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« Monitoring and routing of heavy and hazardous
shipments.

By making real-time information readily available,
the traveler can identify and quickly select routes,
mode-s, facilities, and services to efficiently make
his/her trip. To the traveling public, the IVHS
technologies allow for an expanded array of op-
portunities and alternative choices for trip making.
Providing real-time information on opportunities for
trip making can reduce the traveler's dependence on
one particular mode, route, service, or facility. In-
formation from IVHS technologies can lead to
efficient trip making.

IMPROVEMENTS IN TRAFFIC SYSTEMS MANAGE-

MENT

Obtaining, utilizing, and disseminating information
made available through 1VHS technologies alows the
transportation operating agencies (e.g., departments
of transportation, local public works departments,
transit agencies, police ridesharing agencies, and
parking authorities) to exercise more control and
coordination over their systems. For example, by
quickly detecting and locating incidents, public
agencies can reduce the time that it takes to develop
a coordinated response that includes establishing
emergency operations, designating aternative routes,
and managing the traffic control system to alow the
aternate routes to handle the increase in traffic
volumes.

Public agencies can utilize the real-time data base
available from IVHS technologies to increase mode
choice and average vehicle occupancies. For exam-
ple, the technology can provide information to
commuters on available carpools, vanpools, and
transit services for the particular day and time period
that they need to travel. Such a service would allow
commuters to utilize the services as needed, increas-
ing the opportunity for casual or informal ride-
sharing. By providing the opportunities for
ridesharing and transit use, vehicle occupancies,
especially for the commute trip, can increase.

ATMS affects the management of the existing infra-
structure and appear to have more near-term implica-
tions. The technology is beginning to be put in place
in many urban areas. Examples include:
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® Computerized traffic control systems in place at
about 20 percent of the signalized intersection
locations.

® Adaptive and interactive signal control now in
the developmenta stages.

® |ncident detection and response systems being
developed in a number of urban areas.

® Automatic vehicle identification systems that are
being used to provide smooth access to restricted
highways or for quicker toll collection.

® |dentification systems to monitor hazardous
cargoes or track stolen cars.

ADIS provide drivers with information on conges-
tion, navigation, and location, traffic conditions, and
alternative routes. These systems are the link to the
driver, providing him/her with the necessary infor-
mation on opportunities for trip making. The infor-
mation could include local accidents, construction ar-
eas, weather and road conditions, alternate routes,
and ridesharing and transit services. In consort with
crash warning systems, information could be provid-
ed on potentially dangerous driver, vehicle, road, or
environmental conditions. Specific types of ADIS
technologies include:

e On-board replication of maps and signs,
e Pretrip electronic route planning,

e Traffic information broadcasting systems,
. Safety warning systems,

e On-board navigation systems, and

e Electronic route guidance systems.

Much of this technology is in the developmental
stages; however, the beginning of its impact appears
to be near-term (i.e., less than five years) based upon
current  demonstrations.

Freight and fleet control operations include technol-
ogies and fleet control operations intended to enhance
the efficiency of operating trucks and fleets of vehi-
cles. Such systems also improve the efficiency of
regulatory compliance, vehicle inspection, and fleet
monitoring operations. Several of these types of
systems are being used today and many more are

being planned for the near future. It appears that the
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effect of this technology on infrastructure manage-
ment is near-term.

AVCS technologies help the driver perform certain
vehicle control functions. Using data collected by on-
board sensors, AVCS provides information to vehicle
operators which allows them to make decisions
quickly and accurately or which alows action to be
taken independent of the operator. Some of this
technology has near-term implications, particularly in
reducing the number of minor incidents that cause
delay and reroute traffic. Much of this technology is
longer-term (20 to 30 years) and sophisticated in
nature. As the technology develops, it offers the
opportunity for more control and management of the
infrastructure.

The focus of attention for 1VHS technologies in the
next 10 to 20 yearsis likely to be the Interstate

highway system. The 43,000 mile system makes up
only about 2.6 percent of the roadway mileage in
urban areas, yet accounts for about 30 percent of the
total travel. Maintaining this infrastructure is essential
as travel demands and replacement costs grow. For
the 34 highest population urban areas, there are
estimated to be presently about 55,000,000 workers
using about 50,000,000 autos. These numbers can be
expected to grow as we go further into the 90s and
beyond. To make the IVHS technologies achieve the
desired purpose and create the desired opportunities,
it will have to be available in some form to this level
of population.

A very desirable purpose of IVHS technologies is to
reduce vehicle demand for highway facilities by
creating opportunities for more use of carpools,
vanpools, and transit. As discussed earlier, IVHS
technologies can create opportunities for casual
ridesharing and transit use. This can reduce vehicle
demands for a highway, thus possibly precluding the
urgency or need for magor system expansion and/or
replacement. It can extend the life of an existing
facility and thus save or realocate the money that
would typicaly go for highway expansion.

For example, it now costs $5 to $10 million a mile to
widen a highway by one lane. This would increase
capacity by about 1,500 vehicles per hour. By com-
parison, an effective ridesharing program costs about
$500,000 to create 160 vanpools and 150 carpools.
This would decrease highway usage by over 1,600
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vehicles, thereby reducing or eiminating the need for
an additional lane. An effective, well used ridesharing
and transit program that can be created through IVHS
technologies can have a similar impact on maintaining
the existing highway infrastructure in the urban areas.

In summary, IVHS technologies can provide essential
real-time information needed by the traveler and the
operating agency to expand and efficiently use the
choice of modes, services, facilities, and routes
available under al circumstances. This would be a
significant impact on maintaining the existing infra-
structure.

IMPROVEMENTS IN TRAFFIC DEMAND MANAGE-
MENT AND FINANCING CAPABILITIES

Whether they live in town or in the suburbs, those
who dwell in American’s metropolitan areas need
mobility and have gotten it — until recently. In 1980,
about 170 million people live in urban areas in the
United States, representing 74 percent of the total
population. They made 125 million work trips every
day (30 percent of total trips) and with a transit mode
split of 8.1 percent; 85.2% take that trip in an auto
with door to door convenience. Average trip speed

are for auto commuters was 32.5 mph in 1980, which

isnot all that bad.

But mobility comes at a cost, not only in dollars, but
in ar pollution, international energy dependence, and
climatic degradation. And those multiple costs are
weighing heavily on the nation, on transportation
providers, and on all transportation funding agencies.
The federal government and the state bear most of
the dollar costs, with the “feds’ taking the lead in
worrying about energy independence and the climate.
The cities bear the primary burden of air pollution.
But nobody wants to compromise on mobhility.

IVHS is an emerging and decidedly promising tool
for preserving and expanding mobility, without
incurring the kind of costs that the added VMT would
do based on today’'s technology. IVHS can mean
atractive shared ride services which lead to a cascade
of benefits, central to which is enhanced mobility.
Public mass transportation has been supported by
funding agencies and the American taxpayer, but
absent the user taxes and land-use designs found in
other countries that are more successfully addressing
their urban mobility crises. As a result, the U.S. has
not succeeded in getting its urban travelers into buses
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and trains on fixed routes and fixed schedules. But
with IVHS, we may increase average vehicle occu-
pancy through a host of new IVHS based paratransit
services. These new services are likely to eclipse
traditional transit services. IVHS will also enhance
conventional bus and train service. The potential
benefits are enormous.

If we could increase our average urban vehicle
occupancy by just ten percent, it would grow from
1.15 passengers per vehicle to 1.27. This should not
be difficult. A 10% increase is roughly equivalent to
encouraging one out of six people who is now driving
to work alone to pool with one other single occupant
driver. This action would save over 4 million gallons
of fuel each day at current travel levels. And just this
modest ten percent improvement in vehicle occupancy
in the nation’s urban and suburban areas would
eliminate the need, a today's travel levels, for at
least 5,000 additional lane miles of roadway, which
at $10 million per mile would be equivalent to a total
of $50 hillion.

To visualize these new systems and services, one
must go beyond the current idea of a bus or rail
transit authority and visualize al the other institutions
interested and capable of influencing demand and
exploiting new NHS technology. IVHS should be of
interest to not just state and county highway depart-
ments, but can be seen as a tool to employers, taxi
companies, counties, and specialized service provid-
ers, regional car and van pooling agencies, transit
and paratransit providers, high occupancy toll road
operators, shopping malls and downtown business
districts, and any other agency wishing for them-
selves and their employees and customers the benefits
of improved access and mobility at lowest cost. The
traveler, the planner, the manager, and the vehicle
operator are all beneficiaries.

The Traveler The traveler, as a passenger in a high
occupancy vehicle, benefits from lower costs, better
planning, and easier, more reliable trip making. In
home information and interactive IVHS communi-
cation devices will alow travelers to prepare and
confirm their trip plans based on rea-time system
information on schedules, fares, and availability.
Examples of in-home devices may include analogue
radio, analogue and digital “telephone’ lines, cable
video (CoAxia) cable, “video text” and other
electrical, fibre-optic and radio linkages. This same
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information can be displayed by IVHS in real-time in
bus stop shelters, or bus stop signs, at carlvanpool
collection facilities, at transfer locations, and at
terminals. This information can be automatically
displayed at major pedestrian collection sites such as
shopping malls, building lobbies, factory entrances,
and other employment, social, recreational, and
health activity centers. Collection facilities also
include parking and pooling locations designed to
intercept and collect automobile travelers. Terminals
include both locations for transfer between highway
modes and between highway and air, water, and rail
modes.

IVHS system capabilities can also inform single
occupancy vehicle trip planners in their homes about
permanent or momentary disincentives to single
occupancy travel. This information might include
congestion pricing, SOV access restrictions, and high
occupancy tolls. At the same time, IVHS can inform
the SOV traveler of preferable HOV options, includ-
ing details of schedule and price.

IVHS input devices in-vehicle and at fixed locations
would allow passengers to make and change reser-
vations and in other ways query and inform system
managers of their intentions. Interactive IVHS will
allow managers to respond with information and
actions, including trip specific reservations as well as
system adjustments.

In-vehicle information can be customized for HOV
vehicles giving HOV-preferential response to traffic
obstructions. Obstructions such as accidents, bresk-
downs, construction sites, flood and wind damage,
and other roadway interruptions require system and
driver response. IVHS can customize information and
direction of HOV vehicles. In-vehicle diagnostic
monitoring of vehicle systems can measure, predict,
and anticipate conditions leading to vehicle malfunc-
tion and failure, warning drivers and directing
corrective action. Passengers are thus assured of
vehicle and trip reliability. In-vehicle fare collection
equipment can be programmed to day, hour, route
segment, and other system characteristics. Traveler
characteristics (E&H, student) trip length, zone and
other specific trip maker factors can also be encoded
normally and using pre-coded card and passenger
counting devices. As a result, passengers can take
advantage of a wide variety of fare structures. In-
vehicle real-time information on system wide sched-
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uled departure times, on-time and estimated departure
times provides for in-route changes of linked trip
plans by passengers in response to system changes
after travel begins.

Passengers and riders can be informed and enter-
tained by IVHS. Interactive communications that
would distract a SOV driver can make a passenger
trip more convenient and pleasant. One or two-way
links via satellite, distant antennal or wayside anten-
nal can permit the conduct of social or business
affairs as is now done using cellular phones. Passive
communications can inform and entertain passengers
as TV now does in some limousines. Lap top com-
puters could upload or download files via in-vehicle
systems. All of these features can make the passenger
trip more pleasant at a reduced cost. The passenger
can conduct “business,” making theater and restau-
rant reservations, obtaining commuter social and
cultured information, and preparing and processing
computer data files for storage or in-vehicle up-
loading. As a result, passenger travel time can be
made very professionally productive.

Sharing of costs of trip by “pool” driver and occu-
pants is facilitated. IVHS calculates costs to maintain
and fuel vehicle passengers by m-vehicle monitoring
of fuel consumption, trip time, mileage is automati-
cally, accumulating tolls and other charges and
allocating all charges to occupants during trip or
monthly. Traveler benefits from HOV incentive
pricing. Road user charges such as tolls that favor
HOV travels can be passed on automatically and
immediately to HOV traveler.

The Vehicle Operator The vehicle transit operator,

whether in conventional transit operation or a more
dynamic scheduling and/or routing mode is the
second major beneficiary of IVHS. The bus driver's
ability to maintain a schedule is greatly enhanced by
voice and digital information provided to his vehicle
from wayside or distant (satellite or antennae) loca
tions. Through on-board comparison with scheduled
locations, speeds, times, IVHS provides instructions
to driver for corrective actions, if possible. Flexible
and dynamic routing and scheduling are increasingly
cost effective with improved on-board computer
devices. Taxi drivers are currently assisted in finding
pick-up and drop-off locations using radio based
IVHS. In the future, all HOV “Dia-A-Ride” drivers
will be informed by IVHS on-board and system

Page 40 Dalas March 1990

computers can inform drivers and passengers of
routing decisions as they are made, particularly if
they affect already loaded passengers. Freed from the
time and distractions associated with the current
“fare collection” duties of bus drivers, IVHS will
enable the driver to concentrate on faster, smoother,
and safer vehicle handling. Dwell times will be
reduced.

Initial route planning for vehicle operators is greatly
aided by time sensitive and date sensitive demand
information provided by IVHS. Updating at layover
points is also possible. This is very important for
carpool-vanpoolandparatransit flexibility. Depending
on service policy, trips may vary daly as to pickup
and dropoffs. Trouble free and detailed instructions
may make many SOV drivers willing HOV drivers.

Visual, audio, and mechanical IVHS signals to the
driver can greatly enhance safety. Sensors in the
roadway and between the HOV and adjacent vehicles
can guide the driver in positioning his vehicle, setting
speed, and guiding turn and lane change movements.
IVHS can, in other ways, warn against dangerous
moves and direct safe moves. This advantage takes
on increasing importance as HOV speed vehicle size
and passenger loads increase.

Management The planner and manager are the third
significant set of beneficiaries. Whether dealing with
IVHS generated data in the boardrooms or in the
dispatching center, improved systems management is
promised. IVHS data flow on vehicles, passengers,
and road conditions alows the vehicle controller/-
dispatcher to meet demand with the lowest cost
service available, directing passenger and vehicle
flow according to known cost and productivity rates
and revenue generation rates. Basic “matching”
services directed by a regional, local, employer, or
other program, whether fixed or dynamic are better
made, faster and cheaper using IVHS technologies.
Matches could be made immediately prior to trip
making as well as more permanently as is now the
case.

Sensitive and flexible IVHS fare structures allow
direct and user-side subsidies by public agencies,
employers, and educational and social service agen-
cies. Such subsidies can be accomplished on-board,
centrally as the trip is made, calculated and “paid”
periodically by ingtitutions, or contracted at “fixed
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price” based on reliable historical data. IVHS aids to
on-board fare collection will greatly facilitate market
oriented trip pricing. IVHS will be able to code
passenger class or trip purposes, such as elderly,
student, and other specia pass or user-side subsidy
information. Combined with location and distance
codes, IVHS will alow extremely flexible fares to be
computed, charged, and collected, or charged and
billed to “smart cards’ or centralized accounts.

For the manager of the highway network, real-time
IVHS data on flows and capacities of vehicles and
people in the system alow central control of the
“switches” and “gates’ that regulate system opera
tions. The management of both time of travel and
speed of travel, optimized for total persons is made
possible through identification and monitoring of
HOV vehicles using IVHS. System access control,
using entry ramps, lane restrictions, speed limits,
occupancy-based tolls (collected at gates or on-the-
fly) and exit ramp controls are all system switches
available to the highway system manager to optimize
PMT/VMT. The controls may take the form of
physical barriers, wayside signs, or m-vehicle in-
structions. Historical data, current information on
system condition, and wayside or in-vehicle IVHS
communications alow the manager to provide vari-
ably pricing devices to regulate vehicle flows. Pricing
is perhaps the control method preferred over categori-
cal restrictions and exclusions which are less flexible
and less equitable.

Emergency response is greatly enhanced by IVHS
systems. Managers, knowing location, vehicle type,
and road conditions, can dispatch, route, and inform
emergency response forces. This feature is important
where multiple occupants of HOV vehicles are
involved.

In-vehicle and wayside IVHS systems allow monitor-
ing the off-on passenger movements of bus passen-
gers. Vehicle size and headways can be designed to
meet varying m-route demand as well as developing
broad and long-term O-D and other trip making data
bases. Route and schedule planning that is responsible
and cost effective is greatly enhanced by IVHS
systems. Automatic fare collection using vehicle
monitoring, passenger boarding, and alighting infor-
mation, time of day, passenger class, is instant and
affordable. Smart cards can be used and billing of
HQOV passengers by management using IVHS systems
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is greatly facilitated. Historical IVHS data allows the
planner to predict the conseguences of aternative fare
structures. It allows the manager to select from very
selective and desegregated data specific vehicle and
roadway pricing structures based on service and rate
of return policies of the service provider(s).

CONCLUSIONS AND RECOMMENDATIONS
CONCLUSIONS

The preceding analysis strongly supports a thesis that
there are, indeed, substantial benefits to be gained
from deployed IVHS systems.

The assessment demonstrates that benefits increase
rapidly as deployment increases. It follows then that
early program stages provide benefits best described
in qualitative terms while fully developed systems can
be judged quantitatively. Of course, partial or incre-
mental installation moves one toward the quantitative
end of the benefit assessment scale.

It was found useful to structure the analysis to reflect
this conclusion. Thus, the framework is to estimate
market penetration of 1VHS components at milepost
years 1995, 2000 and 2010. In some instances 2020
was an added increment.

Another useful tool was the taxonomy of benefits.
This provided a method to capture and classify the
very large array of potential benefits, many of which
could easily escape casua or hurried review of IVHS
complexities. The other taxonomy use was as a
vehicle to quickly focus on thematic areas judged to
be of highest, or most critical, priority and impact.

An interesting dichotomy developed. On one hand it
was found that systems which are to be deployed
incrementally over long time periods are hard to
judge as to impacts. Conversely, it was learned that
component technologies are difficult to deal with in
isolation when it is obvious that synergistic interac-
tions of unknown magnitude will take place. Howev-
er, in spite of these procedural problems, the analysts
were able to quantify many of the expected beneficial
results with a high level of confidence in the predic-
tions' reasonableness.

A major reassuring finding is that IVHS is not just
for urban systems. Numerous benefits were also
found for rural areas and for targeted inpacts such as
elderly and disadvantaged travelers, fleet operations,
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clean air, safety, transit operations, infrastructure
preservation and tourism.

Overall, there is ample justification to proceed toward
IVHS deployment. However, one should redlize that
this work on cataloging benefits is a relatively short
time voluntary effort by an expert group of profes
sionals who have presented a supportable case that
the IVHS work is unquestionably worth doing.
Nevertheless, there should be some additional effort
toward building upon and refining what is presented
here. The main objective would be to expand the
investigation to help in determining the proper levels
of financial, governmental and industrial resource
commitment which lie ahead. Regardless, there is
already enough evidence at hand to move forward
with the first incrementa steps.

Some specific findings of interest which were report-
ed follow:

Safety

Prometheus estimates that one-half extra pre-collision
second would alow drivers enough evasive action
time to avoid 50% of all accidents. The analysts here
agree that such an objective is reasonably attainable
and, thus, have used that premise as a springboard to
estimating some outcomes:

® 14,800 liveslost and $21 hillion in accident costs
can be prevented annually and lane blocking
accidents reduced 11% by 2010.

® Rura areas have the most to gain since 57% of
fatal accidents occur in rural areas which is
where the speed at collision is likely to be the
highest.

® |t was demonstrated that specific kinds of IVHS
technology can be linked directly to specific
collision types and then specific estimates of
benefits can result. However, there are additional
benefits due to overall system improvements. For
example, congestion reduction will smooth traffic
flow which reduces rear-end collision experience
which further smooths traffic flow. Thus, such
an iterative process will provide benefits beyond
the finite estimating done thus far.

e Ultimately, if there is to be a fully automatic
highway, the system reliability must exceed the
present one million safe miles per injury accident
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in order to be safer. But, at or near 100% reli-
ability the gain will be amost total avoidance of
the present huge human and monetary highway
traffic accident loss.

e By 1995, there will be a 0.17% total accident
reduction.

By 2000, there will be a 1.70% total accident
reduction.

e By 2010, there will be a 18.90% total accident
reduction.

e By 2020, 46,000 deaths, 1.7 million injuries and
$65 hillion in cost will be avoided each year.

Congestion

Traffic congestion has become the bane of modem
industrial cities and much attention is rightfully
directed to finding ways to aleviate it consistent with
a socially desirable objective of safe, fast, and
reasonably priced mobility. An interesting finding is
that 56% of al congestion is non-recurring. This
implies that major improvements are possible if one
could monitor dynamic traffic conditions and reliably
and accurately inform and advise (and perhaps one
day control) the driver.

One estimate is that 39 large U. S. cities incur
congestion costs greater than $41 hillion annualy.

Expected IVHS contributions to reducing this drain
on our national resource are:

® |n its simpler forms, IVHS can decrease con-
gestion by 15% at a value of $1.2 billion annu-
aly. This provides benefit to cost ratios ranging
from 1.3 to 3.2 depending on the size of the
city. (Just retiming traffic signa networks can
make a substantial contribution to congestion
relief on arterial streets).

® Fully deployed combinations of advanced traffic
management systems and advanced driver infor-
mation systems can produce congestion decreases
ranging from 2510 40 % ..

® [Full automation could virtually eliminate vehicle
congestion (but, operation of some subway
systems suggests that attracted trips would pro-
duce new pedestrian congestion).
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® |t is possible nationwide to see a 10% or $75
billion, annual improvement by 2010.

® (Congestion relief is expected to result in 10 to
50% fuel savings depending upon individual
engine sizes.

® Unchecked traffic congestion is the single most
significant contributor to degraded air quality. It
is estimated that improvements will be coincident
with congestion reduction.

® Congestion relief will be beneficial to transit
vehicle operation.

® Demand management and IVHS mobility en-
hancement need not be competing strategies.
Some demand management is required so that
excessive induced, or attracted, trips do not
destroy the gains made by IVHS.

Enhancing Mobility

Many people believe that IVHS is a strategy for the
cities and then, occasionally, as an afterthought
acknowledge that safety probably is also a major
factor. However, it became clear in the taxonomy
development and, later, in the detailed investigation
that numerous other factors are also important - thus
making the case for the taxonomy.
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Some of the higher priority findings are:

® Older and disadvantaged drivers can benefit by
having specific devices available to offset some
of their incapacities. It is expected that the
following market penetrations will occur:

»  Heads-up displays - 16% by 2000
® Infrared imaging - 16% by 2000

® Obstacle detection and warning - 30-45% by
2000

« Driver aertness warning - 27 % by 2000

» Radar braking and steering override - 22% by
2000

»  On-board replication of maps and signs - widely
deployed by 2000

»  Multi-purpose two way communication - 50 % by
2010

»  Several major areas of impact by IVHS were
identified:
* Improved access for the economically disadvan-

teged

e |mproved access to rura residents
« Improved service for tourists
« Improved trip planning

® Enhanced fleet management - It is estimated that
12% or 6.9 billion gallons of fuel can be saved
annually

® Improved transit fleet management
Preserving the Infrastructure

There were 1.9 trillion vehicle miles of travel in 1988
and this is expected to double to 3.8 trillion by 2020.
Unless some drastic action is taken, this means that
several aging highway components will wear out
faster than expected. This is in the context of a
highway system that is grossly underfunded in
meeting its mounting rehabilitation needs. Unmet
needs at the moment are at the tens, and perhaps
hundreds, of billion dollars level.

e Some important IVHS impacts identified are:

Improved infrastructure facilities management
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Improved traffic systems management. One
aspect of this is real time traffic condition infor-
mation.

Traffic demand management

e An attempt was also made to estimate a scale of
the impacts. It is thought that for the next 10 to
20 years most of the IVHS benefits will occur on
the 43000 mile interstate freeway system which
has2.6  of urban street miles but which carries
30% of urban travel. In the 34 most populous
cities 55 million workers will be using 50 million
cars.

It will cost $5-10 million/mile of one lane widening
to accommodate an additional 1500 vehicles in the
peak hour. The same result can be achieved by
spending $500,000 to put the drivers of 1500 cars in
van and car pools, or, a far larger result is possible
by IVHS techniques. At the moment, reliable per-
mile comparable costs are not available but they are
likely in the order of $500,000 annually. However,
benefit to cost estimates previously cited clearly show
that IVHS will produce positive results while con-
serving resources.

Professional Development

A major research program in an exciting area like
IVHS, based on cutting edge technology, would send
a signa to the young people of the United States that
transportation is a field of the future. It would have
the effect of raising the level of consciousness about
transportation as a “high-tech*’ field in our under-
graduate programs, leading to more interest in
graduate programs in transportation. Research funds
would be helpful in providing assistantships for the
talented people we would attract. These people would
then go on to make contributions to the transportation
field throughout their professional lifetimes. Thus, in
addition to the transportation benefits of IVHS
implementation, we foresee long-term benefits for the
transportation profession and the education and
research communities as well.

As with many major research programs, it is expect-
ed that there will be positive unplanned side effects.
The U.S. Space Program led to the accelerated
development of many consumer products, and there
is reason to expect that an extensive research effort in

will lead to the development of concepts,
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ideas, and products that cannot be foreseen at this
time.

RECOMMENDATIONS

One could seriously question at this juncture what can
be legitimately recommended, and to whom, given
uncertainties of hardware development, market
penetration and a national will to forge meaningful
public/private partnerships to improve surface trans
portation.

Macroscopically it is how more appealing than ever
to assume some extraordinary risks against enormous
potential gains. In fact, one might suspect that the
risks are not as great as once thought.

Microscopicaly and specific to these estimations of
benefits some recommendations are evident:

® Proceed to initiate a national IVHS program

® Organize policy making and program delivery
mechanisms

® Provide adequate funding

® [ocus on research, development, demonstration
and deployment with initial focus on demon-
stration project, designed to both field test tech-
nologies and to verify estimates of benefits

® Work toward greater quantification of benefits
for the component impacted parts of “enhancing
mobility” and “infrastructure preservation.”

® Plan to communicate to key decision makers
these irrefutable findings that IVHS technologies
are, indeed, a major way to beneficialy gan
capacity and safety on America’'s highways.
They may, in fact, be the only way in localities
where physical expansion is impossible.

Obvioudly, the work presented here is only a begin-
ning. The results, though, which were unknown at
the outset, provide strong indicators drawn for expert
opinion and the literature that 1VHS is not “Buck
Rogers’ dreaming but rather is real and deserves to
be part of America's transportation future.

This document represents an initial pass at estimating
benefits resulting from IVHS deployment. Clearly,
a good dea of work remains and refinement will
continue over time. Severa areas worthy of particu-
lar mention are as follows:
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The document makes no reference to costs as
this was beyond the scope of this initial effort.
IN the future, costs and benefits need to be
firmly tied together with some sense of their
distribution over various groups.

In many instances, benefits have been estimated
without reference to particular technologies. For
more detailed cost benefit analysis, the tie of
benefits to specific technologies is appropriate.
In terms of this report, we need to fill in the
cells of the taxonomy, reflecting benefits for
impacted groups for individual technologies.

Quantification of benefits was possible in this

first pass document for some categories, but for
others (e.g., environmental benefits). In the
future more complete quantification is appro-
priate.

There is a clear interaction of safety and con-
gestion benefits that is not reflected in this
document. That is, as congestion is ameliorated
we expect safety improvements to result. This
effect was not quantified. Further work is
required here.

The lessening of congestion due to IVHS de-
ployment will doubtless lead to the attraction of
more traffic. A first pass at reflecting this effect
appears in Chapter 3. We must continue to
refine our approach to this important phenome-
non.
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APPENDIX A
THE INTERSTATE HIGHWAY SYSTEM

The concept of an “ Interstate System of Defense Highways™ was first proposed in 1919 by General John J.
Pershing just after WWI. The then Lieutenant Colonel Dwight D. Eisenhower took a 62 day trip across the country
in 1919 from Washington, D.C. to San Francisco, and concluded that it would be in the best interest of the United
States to build an extensive highway system that would provide military access across the country in order to alow
for rapid and effective mobilization in the event of another war.

In 1922, General Pershing identified a 56,000 mile “ Defense Highway System” which was eventually recommended
to the U.S. Congress in 1939 by the U.S. Bureau of Public Roads (now the Federal Highway Adnunistration). In
1944 Congress designated a 40,000 mile Interstate Highway System, but did not authorize funding to implement
such a program.

At the conclusion of WWII, General Lucious Clay recommended an interstate highway system to President
Eisenhower as being essential to national defense. Both General Clay and President Eisenhower were impressed
with the German Autobahn System which was in place before the start of WWII, and they felt that such a system
should be a top priority for the U.S.

The Interstate System was formally initiated by President Eisenhower in 1956 when he signed the 1956 Federal Aid
Highway Act which established a Highway Trust Fund and designated a 41,000 mile (now a 42,500 mile) Interstate
System of Defense Highways.

The Interstate Highway System was inspired by the need to connect critical urban centers for defense purposes.
However, as the system nears completion, it is obvious that many unexpected benefits were realized that were not
quantifiable in 1956. There are accrued benefits measured in hundreds of billions of dollars that include:

Safety in Design

e Interstate Fatality Rate
Urban: 1.31 fatalities per 100 million VMT
Rural:  1.90 fatalities per 100 million VMT

e Non interstate highway fatdity rate
Urban: 2.53 fatalities per 100 million VMT
Rural:  5.20 fatalities per 100 million VMT
Traffic

e The system represents gne percent of the nation’s total road and street mileage, but carries twenty percent of
al the nation’s traffic.

Speed of Travel
e Time savings are substantial for commercial, business and recreation travel.
Economy
e Created new jobs directly and indirectly
Promoted economic growth and development, directly and indirectly

A virtual reshaping of the truck industry and logistic¥manufacturing interface
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Environmental

e About 12 percent of the total cost of the system has been devoted to mitigating adverse environmental impacts.

In 1970, the Federal Highway Administration (FHWA) prepared a report on the “ Benefits of Interstate Highways’
that was transmitted to Congress and subsequently printed for the use of the House Committee on Public Works
(Committee Print 91-41, September 1970) (15). That report summarized benefits of the Interstate System in terms
of 1) benefits to highway users, and 2) general economic and community benefits of Interstate highways. User
benefits included savings in travel time and vehicle operating costs, improved safety, more efficient goods
movement, and reduced congestion on other highways within Interstate corridors. Land use changes, improved
accessibility, higher land values, benefits to industry and commerce, enhanced nonwork opportunity, and
opportunities for community development and economic growth were among the general economic and community
benefits discussed.

The general economic and community benefits of Interstate highways are difficult to quantify; in the 1970 report
they were evaluated in largely qualitative terms. (In the context of what we are trying to do for IVHS, it is
interesting that in 1970, qualitative estimates still dominate the analysis.) Since 1970 severa studies have been
conducted to try to further quantify community benefits of Interstate highways. Those studies found that economic,
social and other community benefits vary from area to area depending on unique local conditions, plans and policies.

The connectivity and high design standards of Interstate highways alow higher speeds and shorter travel times
between major centers of population and production than on most other highways. These characteristics have led
motorists and truckers to use Interstate highways far in excess of their share of total highway mileage. While the
System comprises only 1 percent of al public road and street mileage, it carries nearly 20 percent of al highway
travel. The Interstate System is particularly important for interstate commerce; more than 40 percent of ail travel
by tractor-trailer combinations is on Interstate highways. While the greater speeds and shorter travel times largely
explain the high volumes on Interstate highways, greater safety is one of the most important benefits of the Interstate
System. Interstate highways are more than twice as safe as other highways in terms of the number of fatal accidents
per 100 million vehicle-miles of travel (VMT). They are four times safer than non-Interstate highways in terms
of the number of persons injured per 100 million VMT.

The location of Interstate highways in high travel corridors and the design standards which enhance the speed and
safety of travel thus account for the user benefits of the Interstate System.

Benefits of Interstate highways to users in urban areas are not limited to higher speeds and reduced operating costs.
Interstate highways have influenced urban development patterns as well, tending to make those patterns more
efficient for highway transportation. A 1980 study of the Land Use and Urban Development Impact of Beltways,
jointly sponsored by the Department of Transportation and the Department of Housing and Urban Development,
found that beltways can provide incentives for “nodal” development, mixed-use centers and better transit. Beltway
interchanges were found to be favored locations for regiona shopping centers, multifamily housing, and industrial
and office park development. By attracting these and other large traffic generators, beltways promote development
patterns which focus traffic on the highest-capacity, most efficient parts of the highway network and reduce the
proportion of travel that must be made on less efficient surface streets.

Improved highway safety is one of the most important benefits of the Interstate System. In 1981 the fatality rate
(measured as the number of traffic fatalities per 100 million VMT) on the Interstate System was only 40 percent
of the rate on other Federal-aid primary highways. The number of accidents involving persona injury per 100
million VMT likewise was only 40 percent of the number on other Federal-aid primary highways. Based on
differences in 1981 fatal and injury accident rates, 6,000 more persons would have died in 1981 and 330,000 more
persons would have been injured in traffic accidents if there were no Interstate highways and Interstate travel was
on other Federal-aid primary highways.
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Travel is so safe on Interstate highways because of their high design standards. Travel on Interstate highways has
actually become safer between 1970 and the present, despite tremendous increases in traffic and in the proportion
of small cars on the road. Improved safety can be attributed to three factors--the reduced speed limit, the improved
crashworthiness of vehicles, and the safety improvements that have been made on older Interstate highways to being
them up to higher safety standards.

In hindsight, it is possible to identify the benefits derived from the Interstate Highway System.

However, it is clear that :
1. Benefits have accrued that we simply did not foresee in the 1940's and 1950's,
2. The magnitudes of benefits were not well understood, even when the categories were obvious,

3. The virtual reshaping of various industries, specifically the intercity traveling industry and the logistics function,
were not foreseen.

Consideration of these factors can be useful to us as we embark on this IVHS Benefits study.
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APPENDIX B
SUMMARY OF RECENTLY COMPLETED BENEFIT-COST
ANALYSES OF HIGHWAY TECHNOLOGIES

Two recent NCHRF' projects have attempted to quantify both the costs and benefits of specific highway technologies
[4] [9]. The summaries of the benefits identified in both studies are summarized briefly below in order to provide
the reader with some indication of the difficulties associated with undertaking such an analysis. Both studies used
traditional cost benefit analyses based upon accepted methods; the work in both cases is thorough, as exhaustive as
possible and based upon the best available data. However, in both cases the authors report that the results must be
considered as being tentative because:

o The technologies are till emerging and in many cases untried.
» Thereislimited demonstration data available to verify
many assumptions.
e There is a need to better understand the tangible and
intangible benefits that may be achieved.
e We need a better definition of performance standards

that must be quantified for these purposes.

Assessment of Advanced Technologies for Relieving Urban Traffic Congestion NCHRP 3-38(1)

In this study [4] the sources used for undertaking the preliminary benefit-cost assessment included information
obtained from system vendors, researchers and system users. In addition, existing estimates of potential benefits
were used, and simple computer modeling techniques were developed in some instances. Because of the limited
availability of data, the report concentrates on assessing those technologies that have the greatest probability of
making an impact on urban congestion. Some assumptions had to be made concerning the characteristics of an
urban area. For that reason, the Seattle metropolitan area was selected as a

typical area and where important data were available for use in this anaysis.

Following is a summary of the technologies and systems selected for assessing benefits and costs; and the
conclusions reached concerning potential tangible and intangible benefits to be achieved.

1. For Driver Information Systems
The technologies eval uated were:
a  Computerized rationalization of direction signing
b. RDS traffic information broadcasting system
c. Sef-contained on-board navigation systems
d. Electronic guidance systems
e. Automatic vehicle identification technology

for automated toll collection
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Following is alist of the tangible and intangible benefits for each of those technologies:
a. For Computerized Rationalization of Direction Signing

Tangible Benefits Intaneible Benefits
Optimum route identification Eliminate excess driving
Savings in travel time Increased driver confidence
Money saved Intuitive savings

b. For RDS Traffic Information Broadcasting System

Tangible Benefits Intangible Benefits

Reduce delay from traffic incidents Reduce accident risk
More efficient detours Increase driver confidence
Reduce risk of secondary accidents Reduce driver anxiety

Improve police patrols
Improve access for emergency vehicles

c. For Sef-Contained Onboard Navigation Systems

Tangible Benefits Intangible Benefits
Reduce travel time Improved routing advice
Reduce travel costs to drivers Better route planning to al who purchase system

drivers in general
Reduce congestion

d. For Electronic Guidance Systems

Tangible Benefits Intangible Benefits
Reduced travel time More efficient route choice
Reduced travel cost Reduce recurring congestion for Individual consumers

and Drivers in general

Better traffic data Better planning methods
Reduce pollutants Reduce driver stress
Reduce VMT

e. For Automatic Vehicle Identification Technology for Automated Toll Collection

Tangible Benefits Intanaible Benefits
No cash or ticket handling Increased motorist efficiency
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Increase Toll Plaza capacity

Reduced vehicle delays

Reduced pollutants

Reduced construction needs (for
Toll Plazas)

Staffing reductions

2. Traffic Control Systems
The technologies evaluated were:
a. Optimized vehicle actuation

b. Fixed time coordination

o

Partially adaptive coordination

o

e. Ramp control

Operational Benefits

Improved administrative procedures

Fully adaptive coordination (SCOOQOT)

Following is a list of the tangible and intangible benefits identified for each of these technologies:

a. For Optimized Vehicle Actuation

Tangible Benefits

Reduced travel time
Reduced travel costs
Reduced congestion

b. For Fixed Time Coordination
Tangible Benefits

Reduced fuel consumption

Reduced stops and delays
Reduced congestion
Reduced travel cost
Decreased air pollution

Intangible Benefits

System efficiency

Intangible Benefits

System efficiency

Improved transit operation
Vehicle & pedestrian safety
Improved data collection
Training

c. For Partially Adaptive Coordination

Tangible Benefits

Save fuel costs

Save operating costs
Reduced congestion
Save time

Mobility 2000

Intangible Benefits

System efficiency

Improved transit operation
Vehicle & pedestrian safety
Improved data collection
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Decreased air pollution Training

d. For Fully Adaptive Coordination (SCOOT)

Tangible Benefits Intangible Benefits

Save fuel costs System efficiency

Save operating costs Improved transit operation
Reduced congestion Vehicle & pedestrian safety
Save time Improved data collection
Decreased air pollution Training

e. For Ramp Control

Tangible Benefits Intangible Benefits
Reduced delays Reduced congestion
Reduced fuel consumption Improved freeway operation

Reduced air pollution

3. Automatic Vehicle Control Systems
The technologies evaluated were:

a. Antilock Braking Systems

s

Speed control systems
c. Variable speed control
d. Radar braking
e. Automatic headway control
f. Automatic steering control
0. Automated highway system
Following is a list of the tangible and intangible benefits identified for each of these technologies:

a. For Antilock Braking Systems

Tanaible Benefits Intangible Benefits
Reduced number of accidents Reduced risk of accidents

Reduced accident costs
Reduced insurance costs
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b. For Speed Control Systems

Tangible Benefits Intangible Benefits
Vehicle operating costs Driver Comfort

Economic Efficiency

c. For Variable Speed Control

Tanaible Benefits Intangible Benefits
Improved safety Optimize speeds
Improved fuel efficiency Optimize traffic flow
d. For Radar Braking

Tangible Benefits Intangible Benefits
Reduce accidents Improve network flow

Reduce congestion
Reduce rear end collisions
e. For Automatic Headway Control

Tangible Benefits Intangible Benefits
Reduce accidents Enhanced comfort and convenience

Reduce congestion
Reduce fuel consumption

Increase highway capacity
Reduce vehicle operating costs

f.  For Automatic Steering Control

Tanaible Benefits Intanaible Benefits
Increase highway capacity Better utilization of roadway space within existing
ROW

Reduced accidents

g. For Automated Highway System

Tangible Benefits Intangible Benefits
All Tangible Benefits All Intangible Benefits

In genera qualitative terms, the technologies described above did produce positive benefits relative to assumed costs
for implementation. But the research concluded that there are many uncertainties concerning both costs and
benefits, which make it difficult to form definite conclusions concerning the justification for implementing those
technologies. In spite of those uncertainties, based upon the best possible available data the following three
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advanced technologies were recommended for further more detailed investigation in future research to be
undertaken:

1. Externaly linked electronic route guidance
2. The Radio Data Systems (RDS) for traffic information broadcasts
3. Adaptive traffic control based on the SCOOT System

The report concludes that if one assumes “ . . . that the methods for reducing congestion discussed in this report cost
less than the benefits they provide, they would be cost effective to adopt. However, the problem of allocating costs
still remains, and is difficult. It is an especialy difficult problem because many of the kinds of savings that can
be obtained from these methods are spread thinly and may not be obvious

to the average motorist. People may not be willing to support investments in these measures either individually or
through public subsidy. The challenge is to provide information on savings in a way that can be communicated to
the average consumer in order to develop the support required. ”

Feasibility of National Heavy Vehicle Monitoring System for Commercial Vehicles, NCHRP 3-34

This report [9] concluded that it is cost-effective for states to develop Heavy Vehicle Monitoring applications for
data collection, weight enforcement and weigh station clearance, as summarized below.

Use of WIM/AVC for Data Collection

The study found the use of WIM/AVC for data collection to support highway planning, design, and research to be
cost-effective.  FHWA's Traffic Monitoring Guide recommends sufficient data collection sessions to achieve 95
percent confidence that the mean values of the truck weights observed are within plus or minus ten percent of the
actual weight of the truck population. This criterion can be achieved for five-axle, tractor-semitrailer trucks using
portable WIM/AVC at temporary sites. If permanent WIM/AV C sites are established, this criterion can be achieved
for al vehicles with approximately the same number of sites.

Use of WIM for Weight Enforcement

The study found the use of WIM for weight enforcement screening to be cost-effective. A strategy of allocating
enforcement effort to highway segments and time periods in proportion to the volume of heavy-vehicle VMT
combined with randomized deployment of primary- and wing-enforcement teams among those highway segments
was judged to be most productive. Benefitsto the state were measured in terms of reduced pavement damage; net

benefits were greatest at about two and one-half times the current level of effort for an “average state.” Cost
benefit analysis suggested that doubling fees and fmes for overweight travel would be as effective as doubling the
level of enforcement.

Use of WIM, AVC and AVI for Automatic Weigh Station Clearance

The study found that the use of WIM, AVC and AVI for automatic weigh station clearance was feasible and cost
effective for states and participating motor carriers. A strategy of pre-clearing and bypassing AVI1-equipped trucks
— dlowing the trucks to bypass a weigh station at highway speeds without slowing or stopping — generated the
greatest net benefits for motor carriers and states. The “average weight-station state” could expect to break even

on its investment in an automatic weight station clearance system if fifteen percent of the statewide heavy truck fleet
participates in the program. The primary benefits of an automatic clearance program accrue to participating carriers
in the form of lower operating costs from reduced delays. These benefits accrue to legal carriers; clearance
programs will have a negligible effect on illegal operators who can detour around weigh stations
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APPENDIX C
SUMMARY OF TRADITIONAL METHODS OF BENEFIT'-COST

AND COST EFFECTIVENESS ANALYSES FOR HIGHWAY PROJECTS

The professional literature on the topics of traditional “benefit-cost” and “cost-effectiveness’ analysis is extensive.
However, traditional approaches may not be appropriate for the kind of analysis being discussed in this paper.

Two relatively recent publications provide a convenient summary of both topics, which will be used in this Appendix
to set the stage for the development of a “ Framework” described in this paper. The first reference is “ Benefit-Cost
Evaluation, * by Douglas B. Lee (October, 1987) [l1] [12]. The author concludes that the evaluation of capital
investment alternatives should encompass assessments of efficiency, effectiveness and equity. Lee defines the three
criteria as follows:

“Efficiency The efficiency goal can be stated a number of ways. find the dternative that is most worthwhile, that
creates the highest net benefits for society as a whole, that makes the most productive use of the
resources available, or has the highest present work. The test for efficiency is margina benefits equal
to margina costs, along the relevant dimension(s) of output. The most efficient investment alternative
is the one for which incremental benefits are greater than incremental costs, no matter which
aternative it is compared against. Benefit-cost analysis is the framework for evaluating efficiency,
even when some benefits are not amenable to quantification or dollar evaluatton.”

“Effectiveness Effectiveness indicators can supplement both efficiency and equity analysis by comparing

Equity

Mobility 2000

aternatives along selected characteristics. Measures of effectiveness are directed at how well an
aternative works, how well it satisfies the objectives proposed for it, and how it compares on
various indicators with other alternatives. The critica requirement for calculation of an effec-
tiveness measure is that it be comparable across al aternatives. Because there is no way to
aggregate performance measures across more than one indicator, there is no need for the list of
indicators to be either exhaustive or non-overlapping. Each effectiveness indicator is a single
independent slice across al the aternatives. Measures of primary output (passengers or passenger
miles) can be compared to total or incremental costs, to obtain some useful overal indicators of
performance. With multiple objectives, however, cost-effectiveness analysis in the narrow and
formal sense has limited application because rarely can costs be uniquely assigned to particular
outputs (e.g., the portion of capital cost that produces time savings versus the portion that reduces
ar pollution). Dividing total cost by any single effectiveness measure implies that only that
particular measure has any value, and the rest are worthless. Many effectiveness measures can
be constructed, and they can be arrayed in a matrix form against project alternatives, but they
cannot be combined into a single summary measure.”

Not only is the question of aggregate net benefits at issue, but so is the question of how the costs
and benefits are distributed among different groups and locations. Analysts can provide
information regarding monetary and in-kind transfers that will take place if one alternative is
implemented rather than another, and can propose countermeasures to offset adverse impacts, but
it is for the policy makers and the courts to decide what is fair. An “adverse” impact is usudly
a transfer from poor to rich, or a gain at the expense of a minority or disadvantaged group. Such
transfers are clearly regarded as inequitable according to explicit policy guidelines, but the
empirical measurement and the means for correcting undesirable transfers are almost never so
clear. Equity impacts should be illuminated to the maximum extent feasible, but redistributional
and other equity objectives should not be the primary purpose of most transportation investment
projects because such investments have only weak potential for discriminating in favor of the
needy. ”
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The above summary indicates that a traditional cost-benefit analysis is not always the analytical tool most appropriate
to assess complex investment decisions. A more appropriate method may be the use of a cost-effectiveness analysis.

NCHRP Synthesis Number 142 (13) summarizes the methods that are used by State Highway and Transportation
Agencies to undertake cost-effectiveness analyses.

When considering whether or not a project should be built, it is important to set priorities for highway projects that
consider user and nonuser costs and benefits. One of the measures for prioritizing, particularly for determining the
individual merit of a project or most appropriate level of investment in a project, is a cost-effectiveness analysis.

Analysis methods being used by 40 states to undertake cost-effectiveness evaluations were assembled. The various
methods reported were then summarized into a series of categories:

1. Systems Analysis Packages. This category refers to multifaceted computer-based cost-effectiveness
packages.

2. SQufficiency-Rating-Based Packages. Severa states, already making

use of sufficiency ratings based on the safety, service, and structural measures of their highways, have
added elements of traffic service/congestion and cost of improvements to develop a

cost-effectiveness index.
3. Sandard Benefit/Cost Analysis. Benefit/cost evaluations based directly

on AASHTO's Manual on User Benefit Analysis of Highway and Bus Transportation Improvements are
in this category.

4. Pavement Management Systems. Many states have developed these systems
to optimize the use of reconstruction, rehabilitation and resurfacing funds for, say, a lo-year program.

5. Operations Codt-Effectiveness Measures. This category refers to the large number of traffic safety and
operations improvements.

6. Construction Cost-Effectiveness Measures, to develop the most efficient

construction techniques.
7. Maintenance Cost-Effectiveness Measures, to establish cost-effective operations for routine maintenance.
8. Private Investment Cost-Effectiveness Measures. Many examples

are known of private investment in highway projects related to individual private developments. These
investments may be made to obtain a variance from zoning regulations, to meet highway department
requirements, or simply to make the private development more accessible to motorists.

NCHRP Synthesis Number 142 concludes that although some states have developed and applied practical and very
useful analysis methods to develop cost-effective solutions for highway and bridge problems, many have not
established systematic methods for doing so. Reasons given include the need to collect and process large amounts
of data, inadequate funding for such activities, and lack of acceptance by decision makers. However, most of the
states surveyed believe that it would be worthwhile to devote much more time, attention, and money to cost-
effectiveness analysis.
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APPENDIX D

In Chapter 2, Figure 1, we noted broad categories of 1VHS benefits and groups participating in these benefits. In

this appendix, we present more detailed information on each.

Table 1 gives a more detailed set of 1VHS benefits under the major categories of travel, economic, environmental,
and information. Table 2 gives a detailed set of participants in IVHS benefits under the major categories of users,

general population, and organizations.

We will continue to refine this categorization over time, as system definition matures.

TABLE 1.

A. TRAVEL
Time
« Average (Speed)
o Reliability

. Predictability (control)

Safety
. Fatalities
o Injuries
o Property Damage

Availability/Accessibility
« Routes

« Modes (e.g., ridesharing)

« Services

Comfort
o Stress
. Stops

security
« Emergency Services

Cost
o Operating Cost
o Fuel/Energy
o Parking
o Insurance

Distance Traveled
« Vehicle miles of travel

B. ECONOMIC

o Product Innovation
« Sales (Revenue)

Mobility 2000

THE CATEGORIES OF IVHS BENEFITS

« Productivity

Improved Shills (Human Capital)

« Competitiveness

Supplier Industries (U.S))

« International
« Standard Setting

Economic Development

Economic Growth
Improved Standard of Living
Enhanced Land Use, etc.

C. ENVIRONMENTAL
Air Pollution

Noise

Amenity

Guideway

« Flow
« Meeting Environmental Standards

D. INFORMATION
« Efficiency
« Traffic Enforcement
o Improved Transportation Investment and Operating
Decisions, etc.
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TABLE 2
1. USERS (Groups)

People
« Urban
«  Suburban
« Rurd
» Carless
«  Commuter
+  Elderly
»  Handicapped
» Tourists/Visitors
«  Military
»  Regions

Freight (Consumers)
« Manufacturers
« Retailers and Other Private

Firms
« Defense

2. GENERAL POPULATION

Operational Benefits
GROUPS PARTICIPATING IN M-IS BENEFITS

« Planning
+ School Systems
« Human Service Agencies

Private Sector Operators
« Trucking Companies
« Bus Companies
o Taxi
« Limousines
« Small Package Delivery
o Terminals
« Freight
« Air
« Water
« Emergency Services
« Railroads
« Airlines

Industry
« Auto Manufacturers
« Electronics/Communications
« Auto Suppliers
« Construction

Other Transportation System Users » Academic
. All Categories « Research
« Energy
Non-Users . Financial
. The General population when » Other Industry

not traveling, eg.:

« System abutters

« Enjoying living standard
changes

. Changing settlement patterns,

etc.

3. ORGANIZATIONS

Public Sector Operators
. State DOT’s
o Traffic Departments
o Transit Agencies
o Department of Defense
« Authorities (AirportsToll)

Road/Ports
« Policy/Emergency
« Environmental
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